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The MICORD Program
This dissertation is the result of one of the projects within the MICORD program, initiated by Prof.dr. Jan 
de Wit and Prof.dr. Ben Dankbaar. The MICORD program (acronym for Managing Innovation, Cooperation 
and Outsourcing of Research and Development) is intended to contribute to the understanding and 
solution of the so-called "Knowledge Paradox": universities develop a wealth of new knowledge, but the 
industry does not seem to be able to use this knowledge for its economic activities. Pre-research carried 
out in 2004 in 22 companies in different industrial sectors resulted in two probable causes for this:
■ Firms have diminished their investments in fundamental research and are therefore not capable 
anymore of radical innovation
■ Industrial researchers are too much oriented on the short term and have lost the ability to 
effectively communicate with university scientists
Based on these preliminary results we chose to investigate three sectors in more detail: the food industry, 
the chemical industry and the high-tech machine manufacturing industry. These three sectors are 
representative for three of the four types of sectors identified by Pavitt (1984) in his influential paper on 
sectoral patterns of innovation. Moreover, these three sectors are important sectors in the Netherlands, 
represented by many multinational companies. Within the MICORD program, four PhD projects in the 
food and chemical industries are based on the two abovementioned causes. In the third sector we found 
that innovation is already at the center of interest, but we identified two other problems (figure 0.1):
■ What should the role of suppliers be in new product development?
■ How can companies develop new business opportunities?
The two projects in the high-tech machinery sector are based on these two problems.
The first four projects started early in 2006 and the other two in the latter half of 2007. The Micord 
program is sponsored by the Top Institute Food & Nutrition; TNO Innovation Policy; the Ministry of 
Economic Affairs; the Ministry of Education, Culture and Science; Dutch Polymer Institute, Akzo Nobel, 
The Netherlands Organization for Scientific Research (NWO), Philips, ASML, and Shell.
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"Je gaat het pas zien als je het doorhebt"
(Johan C ruijff; Vrij Nederland, 8  jan u a ri 1994)
Chapter 1
General Introduction:
Industry-Science Collaboration 
for
Industrial Innovation
This chapter introduces the reader to the main themes discussed in this thesis. The relation between 
industry-science collaboration, the Innovation Paradox, knowledge transfer, and industrial innovation will 
therefore briefy be highlighted. In addition, the practical and theoretical relevance of the present study, 
and to conclude, the structure of the book will be presented.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
The aim of this study is to contribute to a practically and theoretically relevant explanation of the relation 
between the types of research and development (R&D) activities within multinational chemical firms, the 
organizational arrangements used for industry-science collaboration, and technical knowledge involved. 
This relation is studied against the background of the change that occurred in industrial R&D-activities at 
most chemical firms during the last couple of decades (chapter 2- 3). The firm's point of view is applied 
for the empirical exploration that is conducted along the lines of a conceptual framework. In this frame, 
several theoretical perspectives are combined (chapter 4- 5). Within the central theme, this study bears 
relevance to closely related issues that are being discussed under headings like university-industry links, 
public-private partnerships, and industry-science relationships. At first, the practical relevance (§ 1.1), the 
theoretical embedding (§ 1.2), and set-up of this book (§ 1.3) are briefly discussed in this chapter.
1.1: Industry-Science Collaboration, the Chemical Industry, and the Innovation Paradox
Nowadays, industry-science collaboration is a hot topic. One of the main reasons is that universities and 
public research institutes are considered to be able to act as an important, external source of new 
technical skills and scientific knowledge for industrial firms (Marsili and Verspagen, 2002). Since the rate 
and complexity of technological change is increasingly high, even the most innovative industrial firm 
cannot fully rely on internal sourcing for expertise in every potentially relevant technical area anymore 
(Rigby and Zook, 2002). As such, the ability to interact with external sources of technical knowledge is, in 
combination with internal research and development (R&D) efforts, crucial for industrial firms in order to 
raise an innovative performance (Faems et a/., 2005). The complementary knowledge that should be the 
result of the external knowledge acquisition is particularly important for a firm's innovation activities of a 
more radical nature (Cassiman and Veugelers, 2006). This type of innovation forces industrial firms to 
draw on technological skills and engineering principles that are often unknown to the firm. Incremental 
innovations on the contrary generally mainly reinforce the existing capabilities (in Henderson and Clark, 
1990). Radical innovations are of great importance to firms, however, since they can serve as a source of 
competitive advantage on the long term (Nijssen et a/., 2005). Accordingly, these activities are crucial for 
the future well-being of firms. Because the supply of technical knowledge by universities can help firms to 
improve the results of their (radical) innovation activities (Kaufmann and Todtling, 2001), many attention 
has been paid to the industry-science collaboration by the parties involved in recent years.
At universities, there has been a dramatic rise in entrepreneurial activities (Siegel et a/., 2007). All 
kind of valorization initiatives, for example in the form of patenting, licensing and research joint ventures 
with firms, are employed. Technology transfer offices have been established in order to facilitate such 
transfer of scientific findings to industry. In addition, the number of academic spin-off companies has 
increased dramatically. These newly created firms leave their 'parent' firm in order to try to transform
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their specific knowledge, competences and/ or inventions into new products, goods and services that 
create value (Elfring and Foss, 2000). Firms, on the other hand, seem to 'open up' more and more to 
external partners. Several scholars (cf. Klevorick et a/., 1995; Mansfield, 1998; Cohen et a/., 2002) who 
based their conclusions on extensive surveys indicated that there is an increased influence of public 
research on industrial R&D. These findings even tempted scholar Edwin Mansfield (1998) to state that (p. 
774): "If it is true that the great social benefits for the commercialization of recent academic findings are 
being obtained quicker than a decade earlier, this is very good news, particularly to those in industry, 
universities and government who have worked to promote closer working relationships between firms and 
academic researchers". Since the 1990s, the science and technology policies of numerous governments 
devoted much attention to fostering industry-science links (Greenaway and Haynes, 2000). By means of, 
for example, providing tax breaks for corporate funding of university research and developing funding 
programs that required industry-science collaboration as a condition for financial support (Cohen e t al., 
1998), governments have been playing a facilitating role.
In this realm, the Dutch government launched several policy initiatives as well. One of the most 
influential actions has been the founding of four Leading Technological Institutes (LTI) in 1997. In these 
research consortia, firms and universities were brought together to strengthen the innovation potential 
and competitive position of the Dutch Industry ('Knowledge in Action'; a strategy document of the Dutch 
Ministry of Economic Affairs, 1995). Associated universities applied their great scientific power to conduct 
pre-competitive research on areas which were put forward collectively by firms. A part of the research at 
Dutch universities changed from 'curiosity-driven' basic research (i.e. primarily accomplished to acquire 
new technological knowledge for its own sake) to 'application-oriented' basic research. Those activities are 
carried out with some instrumental application in mind although the precise process or product is not yet 
known (Salter and Martin, 2001). By the implementation of the LTIs, the Dutch knowledge infrastructure 
(KIS) was strengthened and the knowledge reservoir increased in the area of fundamental research. This 
was done for firms in four R&D-intensive sectors in the Netherlands. Next to a LTI for the information and 
communication technology (Telematica Institute; renamed Novay), the metals (the Netherlands Institute 
for Metal Research; renamed Materials Innovation Institute), and the food sector (Top Institute Food and 
Nutrition), one was founded for the polymer-based part of the Dutch chemical industry as well. By means 
of the Dutch Polymer Institute (DPI), industry-science interactions should be enhanced in this important 
sector for the Dutch economy. In the long run, this should lead to a better innovative performance.
Especially in the science-based chemical industry, those interactions are expected to pay off. Pavitt 
(1984a) demonstrated that there are important sectoral differences concerning innovation. Firms active in 
different sectoral classes differ, for example, in their sources of learning and apply other technological and 
market knowledge with regard to innovative activities. Pavitt reduced the apparent wide sectoral diversity 
of the nature, sources, direction and strategic implications of innovation to four classes: supplier- 
dominated, scale intensive, specialized suppliers, and science-based. Collaboration with scientific partners
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is considered to be particularly important for firms active within the science-based sectoral class. Their 
innovations are assumed to be able to directly benefit from technological advances which are made 
possible by the development of new scientific knowledge. An example for the polymer industry is the 
discovery of 4,6-nylon by the scientist Gaymans of the University of Twente which is nowadays still sold 
as Stanyl ® by DSM. Another more historical example is the development of a (titanium-based) catalyst 
by Ziegler and Natta. This catalyst is still used nowadays by commodity polymer producing firms to obtain 
a higher stereo-selectivity during vinyl polymerizations. Although refinements of the concept of science- 
based industry have been made (e.g. in developed and developing science industries by Cardinal et ai.
(2001)) and new categories introduced, advances in scientific and technological knowledge are in general 
still considered to be of great importance for the achievement of more radical innovation in the chemical 
industry (Marsili and Verspagen, 2002).
It is therefore remarkable that two studies (Fontana et a/., 2003; Arundel and Geuna, 2004) indicated 
that universities and public research institutes only play a marginal role in the process of innovation in the 
European chemical industry. Despite all efforts, industry-science collaboration still seems to be not fully 
developed. The strong public knowledge bases at universities and public research institutes are not yet 
transformed into industrial innovations. This trend was named the innovation or knowledge paradox. Its 
existence was confirmed by both scholars and practioners, and is said to apply mostly for Europe (Muldur,
2001). While chemical industries in other European countries still reach an adequate innovative 
performance, the Innovation Scoreboard 2005 of the Organization for Economic Co-operation and 
Development (OECD) showed only a 'poor to average' innovation performance for the Dutch chemical 
industry. Since innovation has been identified as one of the most important drivers for a positive future 
development of the European chemical industry (Heinzelbecker, 2005), improvements are required to 
keep the industry from loosing momentum. As a result, the Dutch government and chemical firms have 
been paying extra attention to the subject in recent years. At the end of 2005, the government initiated 
the formation of the 'Regiegroep Chemie', a taskforce in which leaders from both industry and academia 
were brought together. One of its main targets is the optimization of the Dutch knowledge infrastructure 
and the stimulation of industry-science collaboration. In addition, the Dutch government launched all 
kinds of other initiatives like CASIMIR, SMARTMIX and IOP grant schemes. These actions once again 
demonstrate that industry-science collaboration is considered a promising area in which much progress 
regarding innovative performance can be achieved. At the same time, however, it reveals that the parties 
involved still have not found the best possible (mix of) organizational arrangements. Against this 
background, the following question has been formulated as the tentative research question. It guides the 
exploration of the chemical industry, innovation, the partners, and collaboration in the following chapters:
Which organizational arrangements for industry-science collaboration suit the knowledge 
transfer processes in the Dutch chemical industry best?
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1.2: Knowledge Transfer for Industrial Innovation
Firms need, in addition to incremental innovations, more radical innovations to be able to maintain a 
competitive position on the long term (Leifer et a/., 2000). In most new product development literature, 
an innovation is categorized as either being a radical or an incremental innovation. Garcia and Calantone
(2002), however, considered this dichotomous classification to be too simplistic. Since radical innovations 
are only rare in occurrence, they added a category 'really new' to cover the innovations between the two 
extremes. Thereupon, they reinstated a dichotomy by making a distinction between, on the one hand, 
incremental innovations, and on the other, discontinuous innovations that can either be really new or 
radical innovations. In the present study, the 'incremental/ discontinuous' dichotomy is used to make a 
distinction between innovations that are the result of a technological improvement in which a scientific 
institute played a role. Discontinuous innovations are characterized as 'game changers' that have the 
potential (i) for a 5-10 times improvement in performance compared to existing products, (ii) to create 
the basis for a 30-50% reduction in costs, or (iii) to have new-to-the-world performance features (Rice et 
a/., 1998). Incremental innovations in contrast involve the adaptation, refinement, and enhancement of 
existing products and/ or processes (Song and Montoya-Weiss, 1998). Discontinuous innovations are 
considered to offer greater rewards in terms of sales, profitability, and market share (Kleinschmidt and 
Cooper, 1991). They have the power to destroy existing markets and create new ones (Wieandt, 1994). 
These innovations can be used for the renewal of a firm's competitive position (Damanpour, 1991). For 
that reason, they can serve as a source of long-term competitive advantage (Nijssen et a/., 2005).
Discontinuous innovations are characterized by long developments times (of typically 10 years or even 
more) and large investments (O'Connor and McDermott, 2004). This feature, in combination with high 
degrees of risk and uncertainty related to their potential outcome, makes that achieving and managing 
discontinuous innovation is not a straightforward exercise (Tushman et a/., 1997). The pursuit of this type 
of innovation is further hampered by the general tendency that firms have tried to shorten the innovation 
process. This process was caused by an increasing competition and a shortening of both product and 
technology lifetime cycles. Accordingly, firms have been looking for ways to accelerate their internal 
innovation process. The 'open innovation' paradigm has received considerable attention in recent times. 
This paradigm states that firms should use external ideas as well as internal ideas, and both internal and 
external paths to market, as they look to advance their technology and realize innovations (Chesbrough, 
2003). The use of purposive inflows and outflows of knowledge in combination with the expansion of 
markets for external use of innovations should enable firms to achieve high-risk discontinuous innovations 
more easily. Firms are for that reason more and more forced to access external sources of knowledge to 
raise an innovative performance. If they do not manage to have interaction with external partners and are 
not capable of getting hold of external knowledge, a 'lockout' is risked. In those cases, firms might face 
an unsuccessful future (Caloghirou et a/., 2004).
5
Industry-Science Collaboration in the Dutch Chemical Industry
Universities and public research institutes are often found to be an appropriate external source of 
knowledge with regard to discontinuous innovations. The traditional 'linear' view of innovation, however, 
that states that these parties only play a role in suggesting new products by means of their fundamental 
findings has become more and more superseded (Drejer and Jorgensen, 2005). The industrial innovation 
process is no longer believed to follow a well-defined time sequence of separable stages: beginning with 
basic and applied research activities, involving an experimental product development stage, and after that 
leading to full production and diffusion (figure 1.1). The complex reality of today's innovations implies that 
the input of scientific and technological knowledge can be required in every phase of a discontinuous, or 
even of an incremental development process. This observation was represented in the chain-linked model 
of innovation (Kline and Rosenberg, 1986). In this model, existing knowledge is defined as the 'stock part' 
of science, while research is seen as a 'flow' part that creates new knowledge to add to the accumulated 
knowledge base of a firm (figure 1.2). It is this existing base of knowledge of firms that is deemed to be 
essential in modern innovation. Once a firm faces a problem in its development process, it at first will try 
to obtain the required knowledge using its existing knowledge base. If this is not successful, it will employ 
its own research capabilities. Only if these attempts fail to supply the required input, it will approach an 
external partner. Firms are, however, more often forced to contact such partners nowadays. The causes 
are multiple: knowledge is becoming more quickly outdated, technologies develop at an increasing speed, 
and chemical firms have considerably reduced their research capacity (§ 3.2). Universities and public 
research institutes are expected to be able to play a key role as knowledge supplier. They can keep the 
knowledge base of firms that is needed for any type of innovative activity up-to-date.
Figure 1.1: Linear model of innovation 
(Edgington, 1999; p. 311)
Figure 1.2: Chain-linked model of innovation 
(Kline and Rosenberg, 1986; p. 290)
Before a firm can benefit from the broad knowledge base available at universities and public research 
institutes, however, the knowledge needs first to be transferred. Collaboration that facilitates knowledge 
transfer can be organized in several ways. Many overviews of organizational arrangements have already 
been presented in literature (Chiesa and Manzini, 1998; Schartinger et a/., 2002; Brennenraedts et a/., 
2006). However, even though the attention and desire for industry-science collaboration has increased,
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still countless attempts of knowledge transfer between universities and firms appear to be unsuccessful 
(Santoro and Bierly, 2006). This problem -  obviously intertwined with the innovation paradox -  has been 
the subject of many theoretical and empirical studies. Differences in culture, a lack of mutual trust, and 
unfamiliarity with the partners' goals are only a couple of the barriers that have often been mentioned. 
Each of these insights has contributed significantly to the existing understanding of industry-science 
collaboration. Their independent development, however, has generated a set of theoretical and empirical 
understandings of this phenomenon that are largely isolated from one another. The offered solutions are 
often discursive and do not provide a detailed integrated analysis of the nature of industry-science 
collaboration. To overcome similar setbacks in this current study, a fundamental framework for examining 
collaboration has been used as a starting point (Wood and Gray, 1991). The framework employs three 
constructs to describe the nature of collaboration: its preconditions, its process and its outcomes. The first 
construct is concerned with the conditions and resources that facilitate collaboration and motivate 
stakeholders to participate. The middle construct describes and captures the actual dynamics of the 
collaboration, and the last construct delineates the results of a particular relationship.
The theoretical framework offers a convenient basis to study collaboration in a consistent way, but it 
does not specifically concentrate on knowledge transfer and how this process could be improved. An 
interesting lead for such improvement was brought up by Argote et al. (2003). In a review article, they 
referred to literature which demonstrated that the outcomes of knowledge management activities (i.e. 
knowledge transfer, creation and retention) are predicted by the 'fit' between the components of the 
context in which the activity takes place. Three components were discerned for the context: (i) the 
collaborating units, (ii) the relationship, and (iii) the knowledge involved. Argote et al argued that 
knowledge transfer is most effective in the case of a 'fit' between the properties of the collaborating units, 
the properties of the knowledge involved, and the properties of the relationship. It remained at theorizing, 
however, because Argote et al identified a gap in literature for the knowledge transfer theme. In the 
present study, these theorizing efforts are used and combined with the constructs (i.e. preconditions, 
process, and outcomes) of the framework to do research on collaboration (Wood and Gray, 1991). If it is 
assumed, based on the chain-linked model of innovation (§ 3.1-1), that the properties of the knowledge 
involved are known in advance, the following preliminary conceptual framework is obtained (figure 1.3):
Figure 1.3: Preliminary conceptual framework
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1.3: Aim o f the Study and Structure of the Book
The aim of the study is to contribute to the closure of the knowledge gap that is encountered when 
asking for an integrated solution to the problems with industry-science collaboration in the Dutch chemical 
industry. This is realized by providing a detailed insight into the relations between the preconditions and 
the process of industry-science collaboration in the case of knowledge transfer. To obtain a notion of the 
'fit' between the properties of the collaborating units, the knowledge involved, and the relationship, the 
outcomes are assessed as well. A qualitative, exploratory study at the level of the project was conducted 
to reach this goal. Compared to other strategies, a qualitative research approach offers the highest 
potential to capture the richness of the subject of study and to provide a deep understanding by 
investigating it within its real life context. To reduce the risk of data overload that is typical for this type of 
research, important elements of research were mapped and delineated. The primary delineation was to 
employ the viewpoint of the firm, based on the drastic changes that occurred in the organization of R&D 
in the chemical industry. The disappearance of the corporate R&D-laboratory meant that the primary 
gateway for knowledge of universities and public research institutes -  hereafter referred to as scientific 
institutes -  to enter firms was closed off. Accordingly, new ways to organize collaboration need to be 
introduced to facilitate this input again. In order to optimize the effectiveness of knowledge transfer, 
however, it is required to fit the properties of the relationship to those of the collaborating units, and the 
knowledge involved (§ 1.2/ § 4.1-1). With a range of activities in chemical firms (i.e. the collaborating unit 
studied) that require different types of knowledge, this issue appears to have no universal answer.
In the present study, it is examined if relations can be found between the type of the R&D-project's 
objective (reflecting the properties of the collaborating unit studied; § 4.2-2), the nature of the knowledge 
involved (properties of the knowledge involved; § 4.2-2), and the formal way in which collaboration with a 
scientific institute is organized. The focus on formal organizational arrangements regarding the properties 
of the relationship is a result of the great importance attached to intellectual property rights nowadays (§
4.2-2). The resulting insights are considered to be beneficial for all parties that are involved in, or in 
someway related to, the Dutch chemical industry. Especially in this science-based sector, improvements in 
knowledge transfer processes with universities and public research institutes are expected to better 
enable firms to realize innovation -  particularly discontinuous developments -  more easily. The findings of 
the present study will illustrate in a comprehensive way how industry-science collaboration should be 
organized in the case of various R&D-objectives. The practical relevance of this study will therefore find 
its expression in R&D-staff of chemical firms receiving detailed guidelines for the organization of future 
collaboration with scientific institutes. In addition, these insights can help Dutch governmental parties in 
assessing the performance of current grant schemes for industry-science collaboration and in deciding 
which areas are open for what types of new initiatives. Finally, the results of this research can contribute 
to the solution of the innovation paradox in the Dutch chemical industry.
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The theoretical relevance of this research is threefold. Its main contribution is to existing theoretical 
understanding of industry-science collaboration and related knowledge transfer processes by studying the 
relation between the preconditions and process of this phenomenon. In addition, to frame the research, a 
novel approach was applied that was based on the combination of three existing theoretical perspectives, 
that is, for industrial innovation (Kline and Rosenberg, 1986), collaboration (Wood and Gray, 1991), and 
knowledge transfer (Shannon and Weaver, 1946; Argote et a/., 2003). This combination of perspectives 
has not been applied before in the case of industry-science collaboration. While theories for inter-firm 
relationships have been well-developed, for example, the 'old' transaction cost economics (Williamson, 
1985) and the more recently created 'relational view' of Dyer and Singh (1998), no concrete theories are 
present for industry-science collaboration. The successful use of the present study's framework can be 
seen as a contribution to the construction of such a contingency approach. Secondly, by putting the firm 
at the center of the research and applying this point of view, a valuable addition is made to the university 
perspective that is dominantly used by scholars who explore industry-science collaboration. Moreover, as 
far as known, this book covers the first research to empirically study in-depth the preconditions-process 
relations in the case of industry-science collaboration, while making use of the firm's perspective. Finally, 
the results of this study led to a more fine-grained picture of the performance notion by considering the 
outcomes of collaboration. This insight could help performance assessments of future studies.
This book consists of eight chapters and is structured as follows: in this first chapter, the importance 
of industry-science collaboration for industrial innovation was introduced. Moreover, a tentative research 
question (p. 4) and conceptual model (p. 7) were presented to guide the exploration of the elements that 
surround industry-science collaboration. Referring to Bohr's model of an atom1, this exploration starts with 
the outermost scale in chapter 2: a description of the European chemical industry and the Dutch polymer 
sector. In chapter 3, the theoretical models for the innovation process, the changes that took place in the 
organization of R&D in large chemical firms, and dynamics of the university are discussed. Next, an 
overview is presented of existing theoretical streams on collaboration and barriers that already have been 
identified; chapter 4 ends with a detailed explanation of the construction of the conceptual framework 
and the formulation of two research questions (p. 99). In chapter 5, the study's research design is 
presented and several methodological issues are discussed. The data collected during the empirical work 
are described in two separate paragraphs in chapter 6. At first, the results of a first round study are 
shown, followed by the presentation of four cases. Subsequently, in chapter 7, a discussion is held based 
on the results that are obtained from a within and cross-category comparison. The final chapter of the 
book wraps it all up and presents several theoretical propositions as well as recommendations for parties 
involved in industry-science collaboration. A map of the structure can be found in figure 1.4 (next page).
1 The Bohr model (devised by Niels Bohr in 1915) depicts the atom as a small, positively charged nucleus surrounded 
by electrons that travel in circular shells around this nucleus. In the light of this study, industry-science collaboration 
is seen as the nucleus, while the industrial setting and the firm in total is seen as outer shells containing electrons.
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Chapter 2
Setting the Scene:
The European Chemical Industry 
and
The Dutch Polymer Sector
This chapter provides a detailed overview o f the research domain of this thesis, i.e. the Dutch polymer 
sector. However, in order to be able to grasp the larger picture, at first the roots, today's situation and 
the future perspectives o f the European chemical industry are explored. The chapter ends with a brief 
summary and an outlook which reveals the directions for the exploration o f the literature.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
In essence, the chemical industry does no more than converting raw materials such as oil, natural gas, air 
and water into products with valuable functionalities. Based on some 100 chemical elements the industry 
is able to manufacture more than 70,000 different products. With such an impressive number of product 
lines and dozens of geographical markets, the chemical industry is considered to be one of the largest and 
most diversified in the world. It is seen as one of the most complex as well. For that reason, at first the 
European chemical industry is highlighted, before outlining the Dutch polymer sector and its importance 
to the country's economy (§ 2.2). The European chemical industry of which the Dutch industry and 
knowledge infrastructure are a part, is highlighted by means of a brief historical overview, an outline of 
the current situation and the future perspectives for the industry as they have recently been forecasted (§ 
2.1). The chapter ends with a summary and outlook for chapter 3 (§ 2.3).
2.1 The European Chemical Industry
Industrialization in Europe has always been strongly connected to advances in chemistry and the 
development of the chemical industry. More than any other sector of manufacturing, this industry is 
shaping economic activities in other industries. It counts virtually every one of them among its customers, 
from traditional sectors like agriculture, construction, textile and clothes, to technologically advanced 
industries such as modern healthcare, electronics and automobiles. The last industry, for example, relies 
on various chemicals in the production of tires, seats and dashboards. The absence of direct consumer 
products, however, contributes to the fact that the chemical industry has a far lower profile in the public 
perception than many industries that are less important in terms of employment and sales. Many products 
that surround people in their daily lives, for example, are not recognized as being built on innovation in 
chemistry. The industry has even come to be regarded as somewhat dull, a less attractive investment and 
employment prospect. With, on the one hand, increasing maturity, and on the other, more and more 
restrictions coming from European governments to reduce the global climate change, the industry 
struggles to remain profitability and competitive. An important driver that has been identified to boost this 
process -  and thus a positive future development of the European chemical industry -  is innovation 
(Hoffman and Budde, 2006). The 150-year-old chemical industry has to regain some of the exciting and 
innovative character it had at its beginnings as the first science-based industry ever. Although the 
scientific and technological area offers all kinds of possibilities, such as nanotechnology and bio-inspired 
materials, this change has to take place in the era of shareholder value (Murmann and Landau, 1998). 
This era is often associated with a preference for short-term earnings effects and has even been 
'enriched' with a financial and economic crisis in 2008. It therefore apparently seems not to be the most 
optimal period to invest in high-risk, long-term radical innovations. However, in order to understand the 
present (§ 2.1-2) and anticipate the future (§ 2.1-3), one should first look at the past (§ 2.1-1).
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2.1-1 The Roots of the Chemical Industry
The origins of today's chemical industry trace back to the Great Britain of 1856. William Henry Perkin 
synthesized that year, by sheer coincidence, a purple substance as he tried to create quinine by oxidizing 
aniline. Realizing the commercial value of his discovery, Perkin filed for a patent and within a year he set 
up a factory that would make the purple dye from coal tar via a number of intermediate steps (Hoffman 
and Budde, 2006). From that moment until now, the development of the chemical industry can be divided 
in six major eras, during which it transformed into the largest manufacturing industry (figure 2.1).
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Figure 2.1: Overview of the six eras in the history of the chemical industry (Hoffman and Budde, 2006; p. 8)
Foundation: 1850 -1920
The news of Perkin's discovery quickly crossed Europe and soon the first chemical firms emerged. As 
the industrial revolution had created demand for many chemical products such as dyestuffs, this period 
was characterized by the discovery of new molecules. Due to the rapid pace of technological change in 
organic chemistry, firms soon shifted from a trial-and-error process to a more methodological application 
of scientific discoveries to chemical manufacturing. Instead of relying on serendipity and empiricism, the 
invention of new products became strictly dependent upon advances in the scientific understanding of 
structures of molecules (Cesaroni et a/., 2004b). In 1865, for example, Friedrich August Kekule discovered
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the structure of benzene. This chemical turned out to be an important building block for organic dyes. The 
science-based character offered firms the possibility to exploit economies of scope in knowledge; firms 
that mastered the knowledge were able to diversify into sectors that shared a common base, such as 
photographic materials, pharmaceuticals, and explosives (Arora and Gambardella, 1998). To increase the 
possibility to take advantage of new scientific opportunities, firms created close links with academia and 
developed extensive in-house R&D facilities.
Development: 1920 -1950
In the development era, the emphasis shifted from discovery to large-scale organized production and 
the industry started to move out of the laboratory into the factory. Growth opportunities for the industry 
originated from the introduction of new technologies and breakthrough innovations (Achilladelis et a., 
1990). The Haber-Bosch ammonia process was, for example, the leading example of a (catalytic) 
technology that became to be operated on a large scale. Next to the nitrogen fertilizers for which this 
process was used, innovations like synthetic fuel, synthetic rubbers, plastics, artificial fibers, paints (for 
the expanding automotive industry), new pharmaceuticals, and photographic materials were introduced 
as well (Murmann and Landau, 1998). Most of the innovations were directly related to the emergence of 
polymers which was initiated by Hermann Staudinger and other German scientists in the early 1920s. The 
knowledge about polymers diffused rapidly over the world and the accompanying new opportunities were 
exploited by many firms. As a result, growth accelerated, chemical engineering and process development 
to control the large scale processes became as important as chemical R&D, and firms developed more 
sophisticated multidivisional structures.
Expansion: 1950 -1970
The development and production of plastics and synthetic rubbers kept expanding after the Second 
World War. Chemical firms grew rapidly as a result of the increasing substitution of synthetic products for 
natural materials. Plastics in particular replaced natural products such as paper, wood and cotton in many 
applications since they were cheaper and easier to process. Based on the importance of crude oil as a raw 
material for the expanding polymer and oil-refining industry, large integrated chemical complexes like 
those in Rotterdam and Antwerp were established, and economies of both scale and scope became 
important. The oil-refining industry followed a similar path of growth as the polymer industry did: the 
techniques underlying the industry had mainly been developed over the 1920s and 1930s, but it only 
started to expand rapidly after the stimulus of the Second World War (Chandler et a/., 1998). Process 
technology had been made into a commodity in the meantime, based on the unit operation approach of 
the specialized engineering firm of Arthur D. Little. This approach allowed chemical technologies to diffuse 
quickly. True multinational chemical firms emerged as international presence became as important to 
success as process development and scientific discovery (Walsh and Lodorfos, 2002).
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Diversification: 1970 -1985
At the beginning of the 1970s, overcapacity started to develop in many industry segments. The huge 
capacities of the industry were no longer needed in a world that was no longer under construction. New 
product developments, for instance in the polymer industry, leveled off and firms from other industries 
entered the market (Chandler et a/., 1998). Accordingly, chemical firms began to search for new markets. 
They often diversified in product lines in which their existing capabilities gave them only little competitive 
strength. Many players in the industry transformed into chemical conglomerates with highly diversified 
product portfolios ranging from commodities to specialty chemicals to pharmaceuticals. In 1973, the first 
oil shock affected the worldwide chemical industry. The immediate effect was a sharp increase in input 
prices, but the more serious effect was the slowdown in the overall economic growth. In 1979, a second 
oil shock occurred, which worsened the effects on the industry's growth rates. The industry reacted and 
the key to success switched from R&D to process and application technology as well as customer service. 
This change resulted in the build-up of strong customer service and technical support departments.
Maturity: 1985 -1995
By 1985, the bulk of the capacity reduction by means of plant shut downs was finished. Nevertheless, 
it was still hard for firms to grow faster than the Gross Domestic Product. The industry matured and 
globalization took place. Major innovations were scarce. In addition, there was an increased stringency of 
environmental protection, product safety regulations, and occupational health & safety. This development 
increased the compliance costs. The response of the chemical industry to these challenges was entering 
an era of rationalization and restructuring. Firms were forced to achieve operational excellence using 
aggressive restructuring and severe cost control (Hoffman and Budde, 2006). The number of mergers and 
acquisitions accelerated to achieve further cost synergies via economies of scale (Chapman and Edmond,
2000). Firms increased internationalization as well, especially by moving their production to emerging 
markets in Asia and Eastern Europe. They began to reverse the trend of diversification and narrowed their 
business portfolios. This process was realized by focusing on commodity chemicals, or by moving towards 
'specialty' sectors which were characterized by greater possibilities of product differentiation, less acute 
prize competition, higher margins and lower volumes.
Shareholder Value: 1995 -  present
The era of shareholder value came first and fastest to the United States. European firms followed 
their counterparts into this phase in the last ten years. In this current era, the main focus is on the value 
that is created for investors, or in other words, on financial returns. Mergers and acquisitions continue to 
take place in the industry, mainly driven by the need of established players to concentrate on the most 
promising parts of their portfolios in order to realize value creation for their shareholders (Bartels et a/., 
2006). This translates into disinvestments of none-core assets and into M&A-activities to strengthen core
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platforms. Firms are focusing on 'core competences' and attempt to increase the absolute size and market 
share of their remaining business(es). Accordingly, most firms are no longer present in several parts of 
the chemical industry, but concentrate exclusively on one sub-sector. The ongoing price-cost squeeze 
resulted in a new position for in-house R&D: these activities were no longer centrally organized within 
large multinational chemical firms, but were moved to the business units (BUs). With this decentralization, 
the time horizon for R&D-activities shortened and the conditions for radical innovation changed (§ 3.2).
2.1-2 Today's European Chemical Industry
The six eras described, have occurred at different times in different parts of the world. In the early 
years, Europe was leading the way. Britain and Germany mainly drove the foundation and development 
phases of the chemical industry. The United States joined in from the 1920s onwards. The described 
expansion, diversification, and maturity periods took place in Europe and the United States at roughly the 
same time, but occurred in Asia -  mainly Japan -  later on and somewhat less intensely. In the present 
shareholder value era, the European chemical industry can still be portrayed as 'vibrant and strong' 
(CEFIC, 2007)2. With an increasingly fierce worldwide competition, however, the industry is facing a 
number of serious challenges to this strong position. Accordingly, the need for action starts to be urgent.
Facts and Figures
In 2006, the world chemical sales were estimated at € 1641 billion, an increase of 9% compared to 
the previous year. With € 476 billion, the European chemical industry was still in a top position, but lost its 
first place ranking to Asia (including China and Japan), mainly due to the rise of China and India. In 2006, 
China (3rd position) and India (7th position) were along the world's ten largest chemical producers. Taken 
together, the EU, Asia and NAFTA (North American Free Trade Area) account for almost 90% of the world 
turnover. Developments in the last 10 years showed that the Europe remains the leader in the world 
chemicals sales, but has continuously lost ground to Asia. When comparing 2006 to 1996 (figure 2.2; next 
page), the share of the EU in the world chemicals sales shrank by 3.5 percentage points. In fact, Europe's 
sales have been growing continuously, but the world chemical sales are growing faster. Within Europe, 
Germany has been the largest chemicals producer for several years (responsible for approximately a four 
part of the total EU production), followed by France, Great Britain, and Italy. In 2006, these four countries 
together generated almost two thirds (63%) of the EU's chemicals sales (€ 296 billion). The Netherlands 
(7,6%), Spain (7,2%), Belgium (6,8%), and Ireland (4,8%) complete the so-called 'Big 8' and raised the 
share to more than 89% (€ 422 billion) of the chemical products' sales that year. With representing 
almost 2% of the total EU chemicals sales, Poland was the biggest new EU country in 2006.
2 CEFIC (from its French name Conseii Européen de ¡'Industrie Chemiquê), the European Chemical Industry Council is 
the main European trade association for the chemical industry. CEFIC represents, directly or indirectly, more than 
27,000 large, medium and small firms in Europe which together employ almost 1,3 million people (www.cefic.org).
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Products and Firms
A classification of the products and the firms producing them is complicated because of the extremely 
heterogeneous character of the industry. In general, rather broad categories are applied that -  although 
other classifications are possible -  divide the products of the chemical industry into four groups: base 
chemicals, specialty and fine chemicals, consumer chemicals and pharmaceuticals (figure 2.3). The last 
category takes up a special position. Even though the chemical and pharmaceutical industry originated 
from the same knowledge base, it is argued that trends in both industries have decoupled in recent years. 
One of the main differences is found in the R&D-intensity. In 2003, the chemicals sector spent 8% of the 
total R&D-spending of EU manufacturing (€ 98.5 billion), while the pharmaceutical sector accounted for 
roughly twice as much (CEFIC, 2007).
■  EU25 
□  Asia 
H Japan 
ED NAFTA 
Others
2006
Figure 2.2: World chemical sales 1996/ 2006 Figure 2.3: Sectoral breakdown of EU chemical sales 2006
(both figures were adapted from 'Facts & Figures of the Chemical Industry'; CEFIC, 2007)
The smallest category, consumer chemicals, covers the only products of the chemical industry that are 
directly sold to consumers. In 2006, perfumes and cosmetics, and soaps and detergents accounted for 
approximately 10% of total EU chemicals sales. Base chemicals, on the contrary, represented a four times 
larger part of the total sales and are sold to the chemical industry itself or to other industries. This group 
encompasses three distinct types of chemical products: petrochemicals and derivates, basic inorganics, 
and polymers. The first two product types are produced in very large volumes. Specialty and fine 
chemicals are produced in smaller volumes, but still accounted for nearly a fifth of the total European
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chemical sales in 2006. This category consists of a wide variety of products like dyes & pigments, 
auxiliaries for industry, paints and inks, and crop protection. In several other classifications, the last 
product has been classified, together with fertilizers, as agrochemicals.
The increased focus on a core business and the search for size in individual markets have caused that 
most of the chemical firms concentrate on a specific and small set of products nowadays. AstraZeneca 
and Schering-Plough, for example, concentrate on pharmaceuticals; firms like Syngenta and Monsanto 
produce agrochemicals, while Shell purely focuses on petrochemicals and derivates. However, some very 
large firms still challenge this trend and are active in more than one group. Dow, for example, produces 
both agrochemicals and polymers, Exxon Mobil sells both petrochemicals and polymers, and BASF is even 
active in more than two product groups. A classification for firms that is often used nowadays is based on 
the product portfolio. It discerns commodity, specialty, and diversified (i.e. combination) firms (Bachmann 
and Riese, 2006). Firms belonging to the first type are found as starting point in many value chains. 
These firms make use of large scale plants to make large quantities of their product. The demand, 
however, is price sensitive and competition is therefore largely based on cost reduction and efficiency. 
Technology plays a central role to enable these facets. 'Specialty' firms are often found as intermediates 
in value chains and their products are dedicated to specific applications and specific customers. Relevant 
drivers are product differentiation and the perceived added value of the products. The segment is very 
heterogeneous as it consists of hundreds of specific markets with all very different market conditions. 
Nevertheless, the segment is far from being a niche market and, despite the smaller production volumes 
than at commodity firms, the fierce global competition has induced pressure on prices here as well.
Competitiveness and Innovation
It has been mentioned that in large parts of the European chemical industry the pace of innovation 
has been slowing down and radical innovation is becoming less frequent (cf. KPMG, 2008)3. With the 
decrease of the number of really-new product and process innovation, chemical firms have become more 
like a production line for quick commercialization of existing and familiar technologies. This has resulted in 
products that are merely improvements on existing stock, rather than new products and processes that 
could create markets. As a result, the industry has currently become a place in which firms increasingly 
compete on product portfolio optimization and service-level distinction, rather than on true innovation. 
With new competitors emerging in Asia and the Middle East, the European chemical industry has come to 
face unprecedented challenges to maintaining competitiveness. Next to the fiercer competition, other key 
challenges include coping with increasingly costly energy and feedstock (mainly crude oil and natural gas) 
and helping to mitigate global environmental pressures which should contribute to a decline of the climate 
change (European Commission, 2007). The European chemical industry does not possess, however, an
3 KPMG Publication: "New Middle East Capacity threatens European chemical industry"
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abundant stock of cheap oil and gas like in the Middle East and faces far more stringent environmental 
regulations than its Asian counterpart. The key to maintain competitiveness is therefore innovation (cf. 
CEFIC's Horizon 2015; ECMSA's Scenarios 20 104). The European chemical industry appears to be at a 
crossroads: it can either continue its current activity which is destined to result in a hazardous rat race, or 
it can change its focus to innovation and increase the chance to secure flourishing prospects.
2.1-3 Future Perspectives for the European Chemical Industry
The European chemical industry is vital for economic development and wealth by providing modern 
products and materials, and enabling technical solutions to virtually all sectors of the economy. Regarding 
workforce and sales, it is one of the largest and most important industrial sectors. Its competitive 
position, however, is seriously at risk. In contrast to its competitors, the industry cannot base its future 
growth on inexpensive resources and labor. The European chemical industry will therefore have to reach 
back to its major assets for competitiveness to secure a positive future: knowledge and innovation. With 
this requirement, the industry tightly fits in the ambition of the European Council to transform Europe into 
the world's leading knowledge-based. At a special meeting of the Council in Lisbon on 23-24 March 2000, 
the Lisbon Agreement was drawn up with the aim of making the EU by 2010 the most competitive and 
dynamic knowledge-based economy in the world. It should be capable to realize sustainable economic 
growth with more jobs and greater social cohesion. To achieve this aim with knowledge as the main pillar, 
larger and more efficient investments in research, innovation and collaboration are considered necessary.
High Level Group on the Competitiveness of the European Chemical Industry
The central role of the chemical industry for Europe's ability to grow was recognized by the European 
Council. It therefore established the High Level Group on the competitiveness of the European chemical 
industry (HLG). The aim of this workforce was to study the challenges to the European chemical industry's 
competitive position and to formulate a set of sector specific policy recommendations to master these 
challenges. From September 2007 to February 2009, the HLG (with 27 members varying from ministers to 
members of the European Commission to CEOs of chemical firms) met several times. They identified three 
areas for action to withstand the mounting pressure originating from global competition, energy use and 
climate change5. Next to increased attention for sustainability and research & innovation, they argued that 
a competitive chemical industry needs open markets with fair competition. In this era, with an increasing 
demand for products with improved performance and shorter product life cycles, it is important to create 
equal conditions. Since the chemical industry is located in some advanced emerging economies that no 
longer face noteworthy structural disadvantages, it is doubtful if their preferential treatment (for example, 
low tariffs for import into the EU) is still justified. In addition, action is needed to bring the lower emission
4 European Chemical Marketing and Strategy Association (www.ecmsa.org).
5 See High Level Group's final report : "The European Chemical Industry -  Enabler of a Sustainable Future" (2009)
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standards in these emerging economies to a halt. Relocating parts of the European chemical industry to 
emerging countries might not only cause loss of employment. It would also increase global greenhouse 
gas emissions as a result of the low efficiency in energy generation and use in those countries. However, 
when addressing these suggestions in practice, (political) complexity is presumably encountered. The two 
other areas (i.e. sustainability; innovation & research) are thus deemed to be more feasible (HLG, 2009).
Sustainability: Cradle to Cradle
Ever since the Brundtland report "Our Common Future" (1987), sustainability has received substantial 
(political) attention. Their definition of sustainable development ('the development that meets the needs 
of the present without compromising the ability of future generations to meet their own needs') is still 
often cited. The U.S. architect William McDonough and the German chemist Michael Braungart suggest in 
their book (2002) the 'Cradle-to-Cradle' (C2C) framework which even goes further: meet the needs of the 
present and try to provide future generations with even more possibilities. In the C2C-framework, new 
product development is refocused from a process aimed at limiting end-of-pipe liabilities to one geared to 
creating safe, healthy, high-quality products right from the start. After an useful life as a healthy product, 
C2C-materials are designed to replenish the earth with safe, fertile matter, or to supply high-quality 
technical resources for the next generation of products. They argue that when materials and products are 
created specifically for use within these closed-loop cycles (i.e. the flow of biological material through 
nature's nutrient cycles and the circulations of industrial materials from producer to customer to 
producer), firms can realize both large short-term growth and enduring prosperity. Rather than seeing 
materials in the light of a waste management problem where they go from cradle-to-grave (Chapman and 
Edmond, 2000), C2C-thinking sees materials as future nutrients for the environment.
Sustainability: REACH Legislation
One has only to recall the case of Bhopal6 to be remembered that the use of certain chemicals has 
had many times to adverse effects on human health (including effects like carcinogenicity, mutagenicity 
and toxicity to reproduction) and the environment. Over the years, this has led to the development of an 
increasingly dense and demanding regulatory framework as well as to many calls for the substitution of 
hazardous chemicals by safer alternatives. One of the most recent legislation on chemicals, REACH 
(acronym for: Registration, Evaluation, Authorization and restriction of CHemical substances; June 2007), 
should improve the protection of human health and the environment via better and earlier identification of 
the intrinsic properties of chemical substances. The regulation gives greater responsibility to industry to 
manage the risks from chemicals and to provide safety information on the substances. Manufacturers and
6 On 3 December 1984, a Union Carbide plant released 42 tonnes of toxic methyl isocynate gas in Bhopal (India). The 
accident is frequently cited as the world's worst industrial disaster, killing 2,000 persons immediately and 6,000 within
2 weeks; >500,000 persons were exposed to the gas of which ± 8,000 have died since from gas-related diseases.
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importers will be required to gather information on the properties of their chemical substances (which will 
allow safer handling) and to register the information in a central database. The benefits of REACH are 
expected to come gradually as more and more substances are phased into the database and the most 
dangerous chemicals are progressively substituted once suitable alternatives are identified. At present, 
however, European chemical firms complain REACH causes them to spend more financial resources than 
their competitors in other regions in the world due to the enormous amount of work involved.
Innovation and Research: White Biotechnology
Following the pathways of the 'red' pharmaceutical and 'green' agricultural biotechnology, a 3rd wave 
is beginning to spread nowadays (Laane and Sijbesma, 2006). 'White' industrial biotechnology is already 
used to produce 5 percent of all chemicals today. It is expected to rapidly gain momentum as a cost- 
effective and environmentally-friendly technology for producing bio-based materials, and fuels in a safe 
and sustainable way from renewable resources (Martin and Etzkowitz, 2000). Industrial biotechnology 
uses living cells (like moulds, yeasts or bacteria) as well as enzymes to produce goods and services. It will 
change industrial production in three specific ways. Firstly, sugars, vegetable oils, and waste biomass are 
to replace fossil fuel feedstock consisting of oil and gas. Secondly, chemical syntheses will increasingly 
make place for bioprocesses such as fermentation and biocatalysis. Finally, new bioproducts like bio­
based polymers, enzymes for use in textiles or feed, and innovative nutritional ingredients (cf. vitamin B2) 
will emerge. Already a broad spectrum of enzymes and fermentation systems has become available to the 
industry, but the path from promise to profits is long and arduous. The challenges to this new field are 
plentiful, varying from identifying the right opportunities to launching bio-based products to managing the 
public acceptance. Nevertheless, biotechnology is (still) expected to be an important pillar of Europe's 
economy by 2030; the products of white biotechnology and bioenergy are by then estimated to have a 
one-third share (worth € 300 billion) of industrial production (Cologne Paper, 2007)7.
Innovation and Research: Materials Science
Materials and material development are fundamental to culture. Their importance is, for example, 
reflected in the ascription of major historical periods of society to materials (cf. the Stone and Bronze 
Age). As the 21st century unfolds, it is becoming apparent that the next technological frontiers will be 
opened by understanding and optimizing material combinations and their synergetic function. As a result, 
the distinction will blur between a material and a functional device comprised of distinct materials 
(SusChem, 2009)8. The discovery of new materials with tailored properties as well as their subsequent 
production asks for better characterization, more direct molecular-level control of properties, and more
7 A 'white' paper in which European biotechnology experts formulated their visions for science, industry and politics.
8 'The vision for 2025 and beyond' of the European Technlogy Platform for Sustainable Chemistry (www.suschem.org).
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reliable design and simulation. Nanotechnology9, offering molecular assembly (bottom-up) and 
miniaturization (top-down) design approaches, will play a key role in the ability to design the properties of 
materials on a molecular scale. The material technology development offers new opportunities for the 
European chemical industry in areas such as: (i) 'intelligent' materials with special electrical, optical, 
mechanical and magnetic properties that can be used in electronic devices like displays and sensors; (ii) 
materials that can be used for new sustainable technologies in the energy sector, offering solutions like 
renewable energy sources (solar/ fuel cells) and nanoporous materials for insulation; and (iii) functional 
materials. The last materials -  preferably biocompatible and biodegradable -  can be tailored to industrial 
applications (surface coatings for cars), wellbeing (e.g. personal care products), and healthcare (e.g. 
medical prosthetics). Accordingly, material science will play an important role in contributing to solve 
some emerging societal needs and to increase the quality of life of European citizens (Suschem, 2009).
Innovation and Research: Industry-Science Collaboration
While innovation is more than R&D, the link between research in chemistry (and related sciences) 
and innovation is particularly strong in the chemical industry. It is for that reason worrying that the R&D- 
intensity (i.e. the ratio between R&D-expenditure and sales) in the EU chemical industry has shown a 
slight decrease during the past decade, while some emerging countries have strongly increased their 
efforts with notable success. As far as chemical research in universities and research centers is concerned, 
the EU leads in terms of number of scientific publications. Here, a similar trend however has been 
observed: an analysis of the world scientific literature showed that the research output of China and India 
is growing much faster, with a degree of specialization in chemistry and chemical engineering (applied) 
research. It is therefore according the High Level Group of 'utmost importance' to join the industrial and 
scientific forces to achieve full exploitation of the vast potential for innovation. Efficient and fair sharing of 
knowledge among firms, research institutes and universities is crucial to keep the chemical industry 
"vibrant and strong". Firms should therefore strengthen their relationships with universities and research 
institutes and promote industry-science collaboration on vital medium and long term research issues. 
They could, for example referring to material technology, join forces on the development of new 
techniques for the controlled synthesis of rational designed materials or in advancing catalytic processes 
that could give access to new materials. In line with the conclusions of the Lisbon Agreement, the High 
Level Group draws attention to the fact that there is still much room for improvement. More should be 
done to improve knowledge sharing and systemic links between research and business. They argue that a 
focus on chemical regions (based on the proximity of firms and scientific institutes) could play a key role 
in this process. This focus on key areas at regional level should be accompanied by road mapping and 
active coordination of European and national efforts.
9 Nanotechnology is the design, characterization, production and application of structures, devices and systems by 
controlling shape and size at the nanometer scale; like chemistry it has an 'enabling' character.
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2.2 The Dutch Polymer Sector
The chemical industry as an advanced and increasingly knowledge-intensive industry plays a central role 
in the Dutch economy. In 2007, more than 68,000 employees generated a turnover of € 50 billion (VNCI; 
the Netherlands Chemical Industry Association)10. This turnover has continued to grow between 5% and 
6% in recent years. The Dutch chemical industry is even said to indirectly contribute no less than 10% to 
the Dutch Gross Domestic Product (GDP), because of its position at the beginning of the value chain. In 
addition, the industry accounts for almost 20% of Dutch exports. This prominent position of the chemical 
industry in the Netherlands is ascribed to various factors. The availability of natural gas at Slochteren 
(Groningen) and the country's position at the sea are often seen as natural cornerstones for the industry's 
success. In addition, the extensive Dutch public knowledge infrastructure is repeatedly praised. In the 
2008 version of the report 'Science and Technology Indicators' of the Netherlands Observatory of Science 
and Technology (NOWT), the Dutch science base is once again demonstrated to be very strong. The 
international research performance is competitive at a global level, especially regarding exploratory long­
term research. The research field of 'chemistry and chemical engineering' stands out by means of a very 
high citation impact. This infrastructure should help the chemical industry realizing its intention to serve 
as the driving force behind a substantial growth in business activity and the achievement of an 
improvement in society's sustainability. The industry's ambition to increase prosperity and well-being in 
the Netherlands has been interpreted by the Regiegroep Chemie in terms of three specific targets. These 
targets were listed in their business plan (2006): (i) to double the chemical industry's contribution to the 
Dutch Gross Domestic Product in 10 years, (ii) to halve the use of fossil raw materials in 25 years, and (iii) 
to develop the critical technological competences into global excellence. In this section, the chemical 
industry (§ 2.2-1) and the knowledge infrastructure (§ 2.2-2) in the Netherlands are explored.
2.2-1 The Dutch Industry of Polymers
The Regiegroep Chemie foresees an important role for the Dutch polymer industry in achieving these 
targets. Accounting for no less than 40% of the added value of the Dutch chemical industry, polymers 
represent a significant part. These materials have had a tremendous impact on society ever since their 
discovery. Our modern lifestyle would simply not be possible anymore without polymers. They can be 
found in many products which are used nowadays by almost everybody: from the sturdy housing of 
mobile phones, to the dashboards in cars, to the pipes that carry drinking water. Polymers have already 
outgrown traditional materials such as steel, wood and glass for many years and will play an important 
role in future material science. Polymeric materials can replace more cost and energy consuming 
materials, for example, by preparing lightweight constructions for energy savings in the transport area,
10 The Netherlands Chemical Industry Association (VNCI) promotes the collective interests of the chemical industry in 
the Netherlands by means of consultations, information meetings and recommendations. Acting as a central point, 
the VNCI undertakes activities that have a positive impact on the image of the chemical industry (see www.vnci.nl).
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and the manufacture of promising energy saving devices such as organic light-emitting diodes (OLEDs). 
R&D-expenditure on polymers also account for a high proportion of the total in the chemical industry in 
the Netherlands: € 450 million in € 1.1 billion (EIM, 2006).
The Business Plan of the Regiegroep Chemie
In an endeavor to accelerate the Dutch chemical sector's pace of innovation, the Regiegroep Chemie 
('Chemistry Directive Group") was established at the end of 2005. This taskforce which consists of leaders 
from both industry and academia formulated a business plan (2006) in which the three ambitious targets 
(p. 23) were coupled to an industry-wide approach for their realization. The business plan was based on 
two cornerstones of a strong Dutch chemical sector: excellent academic research and a vigorous industry. 
In addition, it should contribute to a strengthening of four areas of Dutch competence: biotechnology, 
catalysis, process technology, and (polymeric) materials. To realize all targets, the Regiegroep Chemie 
identified a number of lines of action, such as: (i) support for Dutch fundamental research to ensure that 
specific disciplines retain their leading position in the research field; (ii) the development of innovation 
labs for young starters taking their first step in the innovation process; and (iii) the development of 
centers for open chemical innovation (COCI). These COCIs are located in the immediate vicinity of 
industry technology centers to enable entrepreneurial researchers to work out the details of innovative 
ideas and test them against economic reality. In addition, a great deal of attention should be paid to 
collaboration between firms and universities because this was deemed to be a crucial building block to 
support the other initiatives. However, the Regiegroep Chemie explicitly remarked that, although the lines 
of action constitute together a coherent approach to the enhancement of the Dutch chemical sector, their 
business plan could only be realized when potential threats are adequately dealt with.
The falling number of chemistry students in the Netherlands for many years was singled out as one of 
the biggest threats, since the business plan's success is expected to largely depend on the sector's access 
to sufficient highly-trained knowledge workers. The Regiegroep Chemie therefore formulated a human 
capital agenda specifying initiatives designed both to increase the influx of new students to vocational and 
higher education and to improve the career prospects offered in the chemical sector. The ability to recruit 
and retain highly-qualified personnel is, however, closely intertwined with the sector's image. This image 
is currently poor: most people in Dutch society have an unfavorable perception of the chemical industry. 
Accordingly, several initiatives were suggested as well to boost the industry's identity. People should, for 
example, be made aware of what chemistry actually implies and of the role it plays in society. In the year 
2009, the realization of the business plan is well under way; in the process-technology area, for example, 
the Dutch Separation Technology Institute was established. In case of the polymeric materials area -  
which should make the largest contribution to the realization of the chemical industry's ambition -  the 
polymer innovation program was launched. To advance the firms and knowledge institutes in the polymer 
sector as well as their collaboration, three tracks were defined in this program: (i) accelerating business
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creation; (ii) executing pre-competitive research and joint development programs; and (iii) competence 
and network building. On industry's side, the program10 took into account the structure of the polymer 
value system by including firms of all sizes, i.e. multinationals and medium and small enterprises (SME).
The Structure of the Polymer Industry
The polymer sector represents a major section of the Dutch chemical industry. In 2006, the industry 
contributed 1.2% to the Dutch GDP and its share in exports was approximately 5%. The relatively large 
number of firms (± 1500) involved in the manufacturing of polymers and the manufacturing of products 
and applications where polymers play a vital role employed roughly 57,000 people11. The sales generated 
by these firms amounted to a total of € 17.5 billion in 2006. Even though the polymer sector comprises an 
extensive 'value system', usually three subsequent stages with different types of activities are identified 
(figure 2.4). The internationally-oriented industry consists of a few multinational 'polymer producing' firms
-  which can be subdivided in bulk and specialty producing polymer/ resin firms -  and many 'polymer 
processing' and 'polymer using' SMEs.
Figure 2.4: Polymer value system (Regiegroep Chemie's Polymer Innovation Programme, 2007; p. 6)
The first part of the value system, the so-called 'polymer value chain', comprises chemical producers that 
process base chemicals into polymers. In general, these are large multinational enterprises (MNEs). The 
Netherlands has a strong position in this part of the value system due to the presence of leading MNEs 
with significant activities (DSM, Akzo Nobel, Dow, SABIC, and the former GE Plastics, now SABIC-IP). The
11 Data are taken from appendix 3-B "Polymer Innovation Programme: A strong impulse for economic growth, quality 
of life and sustainability" that belongs to the document "Innovatie in, door en van de Nederlandse chemische sector" 
of the Regiegroep Chemie (2007). The documents can be downloaded from their website: www.regiegroepchemie.nl
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sales generated by these firms amounted to € 11 billion in 2006. In contrast the € 6.5 billion sales in the 
'product and application' value chain was generated by predominantly small-medium enterprises (SMEs). 
In this stage, nine out of ten firms have fewer than 50 employees. These polymer processors and 
converters (adhesives, rubber, coatings and plastics) use polymers as feedstock to develop and 
manufacture (semi-finished) products for end-use or as parts for devices manufactured by original 
equipment manufactures. The semi-finished (partly) polymer based products will subsequently function as 
input for firms in the last stage, the 'device/ system value chain'. These device producers and product 
integrators like Philips, Oce, Sigma and Medtronic translate the functionality of polymer materials and 
other materials into added value for customers of the end-products.
For its feedstock and energy, the polymer industry is highly dependent on crude oil and gas. The bulk 
and specialty producing polymer firms that convert raw materials into polymers are hence soon affected 
by crises that have a direct impact on the prices of crude oil. Especially firms in the business of bulk, or 
high-volume, polymers that work with low, flexible margins have therefore to deal with uncertainty. From 
the maturity era onwards, those firms began to adapt their activities in order to stay profitable (Weston et 
a/., 1999). They either decided to completely focus on bulk polymers and attempted to increase their 
production volumes, or moved towards other, less uncertain or more profitable markets of the polymer or 
chemical industry. In the Netherlands, firms like Shell, DSM and Akzo Nobel, that used to be engaged in 
the production of bulk polymers started to withdraw from this branch of activity. In 1998, Shell made the 
decision to concentrate on its oil and gas businesses and to sell large parts of its chemical businesses. In 
1999, the styrene business was sold to Nova Chemicals Company, while Shell created a joint venture with 
BASF -  called Basell -  for its polypropylene en polyethylene business in 2000. At present, Shell is hardly 
involved in polymer-related businesses in the Netherlands. Akzo Nobel sold its fiber business (together 
with the fibers business of the previously acquired British firm Courtaulds) to a consortium led by CVC In 
1998, which led to the creation of Acordis. In 2004, Coating Resins was sold to Nuplex Industries. This 
way, Akzo Nobel also largely withdrew from polymer production and focused on polymeric coatings and 
initiators used in polymer production. DSM sold its petrochemicals to SABIC in 2002 and concentrated on 
specialty polymers and polymer intermediates. The activities of the 'traditional bulk' firms were continued 
in the Netherlands by 'new' firms like SABIC, Nova and Nuplex which tried to establish economies of scale. 
This change of activities, including the departure of 'old' and the arrival of 'new' firms in the polymer 
industry, reflected the worldwide restructuring that changed the appearance of the chemical industry.
Polymers and Innovation
Next to the classification in bulk and specialty polymers, there are numerous other ways to classify 
polymers. When one speaks of polymers, one is concerned with materials with an almost infinite variety 
(Odian, 1991). A polymer scientist must have an awareness of the properties desired in order to make a 
decision about the polymer synthesized. Polymers are macromolecules build up by linking together large
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numbers of much smaller molecules. These so-called monomers consist of carbon and hydrogen atoms to 
which other elements like oxygen, nitrogen, and chlorine may be added. In a polymer molecule, there 
may be hundreds, thousands, or more monomer molecules linked together after polymerization. By 
making appropriate combinations of monomers different polymers with various mechanical properties can 
be obtained. Depending on the created arrangement -  and the resulting crystalline melting (Tm) and glass 
transition (Tg) temperature, the degree of crystallinity (i.e. morphology) and cross-linking (i.e. structure) -  
a specific polymer can be used as a fiber, a rigid or flexible plastic, or elastomer (rubber). Commonly 
encountered products that exemplify these uses of polymers are clothing and rope (fiber), eyeglass lenses 
and housing for appliances (rigid plastics), packaging films and seat covers (flexible plastics), and rubber 
bands and tires (elastomer). Some polymers are used in more than one category, because certain 
mechanical properties can be manipulated by appropriate chemical or physical means, such as by altering 
the crystallinity or adding plasticizers or copolymerization. Some polymers are used as both plastics and 
fibers, while others are utilized as elastomers and plastics. Although the main consideration in determining 
the general utility of a polymer is its mechanical behavior (i.e. its deformation and flow characteristics 
under stress), many other properties are important as well. Next to a polymer's gas permeability and its 
resistance to organic solvents, chemicals and electricity, it is also important if the polymer is a so-called 
'thermoplastic' or 'thermoset'.
Thermoplastics are mostly linear polymers that can be reshaped through melting, while thermosets 
are cross-linked polymers that do not melt anymore after cure (that is, overheating causes irreversible 
chemical changes). They remain solid at higher temperatures than thermoplastics and are therefore often 
used in high-temperature environments like electrical insulation in electric motors and gasoline engines. 
On the contrary, disposables and 'one time use' products like plastics bags (low density polyethylene), 
drinking cups and packaging materials (polystyrene), are thermoplastics which are generally produced in 
larger volumes than thermosets. Large volume polymers, or bulk polymers, are also often referred to as 
'commodity' plastics; even though this does not reflect the advanced technologies applied manufacturing 
them. Specialty polymers which are produced in smaller quantities can be subdivided in three classes: 
functional, engineering, and high-performance polymers. Polymers produced as functional materials serve 
in a multitude of applications as additives, adhesives, viscosity regulators, lubricants, et cetera. They are 
found in printing inks and paints, in cosmetics and pharmaceutics, and concrete, as flocculants in waste­
water treatment. Functional polymers differ from engineering and high-performance polymers (which are 
produced as substitutes of traditional materials like metal, glass, and ceramics) in that their mechanical 
and thermal properties are of less importance compared to other (e.g. optical, electrical) properties. As a 
result, this type of polymer is absent in pyramid of polymers (figure 2.5; next page). This figure classifies 
industrial polymers based on their thermal and mechanical performance. Examples of engineering 
polymers that can be found in figure 2.5 are: poly(butylene terephtalate) (PBT; insulator in electronics 
industry), polyamide (PA; a group of polymers -  including for example nylon -  with uses ranging from
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cloths to gears), acrylonitrile-butadiene-styrene (ABS; LEGO bricks), polycarbonate (PC; optical media), 
and poly(methyl methacrylate) (PMMA; trade names like Plexiglas). Examples of high-performance 
polymers are: polyetherimide (PEI; biomedical applications), polyetheretherketone (PEEK; piston parts), 
polyimide (PI; space vehicles), and polyphenylene sulfide (PPS; protective coating on metal surfaces).
While most of the high-performance polymers were only realized after 1960, many of the modern 
bulk polymers like polystyrene (PS), polyethylene (PE) and polyvinylchloride (PVC) were discovered 
between 1930 and 1940 (figure 2.6). Ever since 1909, when Leo Hendrik Baekeland introduced a phenol­
formaldehyde plastic (PF; the first commercially produced synthetic polymer that was sold as 'Bakelite'), 
new types of polymers have been synthesized and brought to the market in large numbers. This process 
was enabled by the ongoing formulation of new properties for novel polymers. With his seminal paper 
"Uber Polymerisation" (1920) in which he was argued that rubber and other polymeric substances were 
long chains of short repeating molecular unit linked by covalent bonds, Staudinger paved the way for 
decades of intense research and presented to the world the development of modern polymer theory.
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Figure 2.5: Pyramids of polymers Figure 2.6: Polymer innovations (Bachmann, 2003; p.9)
A clear relationship appeared to be present between the characteristics of the molecular structures and 
the properties of materials. This scientific understanding of the existence and configuration of these long 
molecules led to the principle of 'materials by design' (Arora and Gambardella, 1998). As a result, the 
amount of time and research efforts needed for product innovation (which used to be trial-and-error) was 
lowered. It altered the question from 'how' to innovate to 'what' to produce. Competition shifted to the 
correct anticipation of the users' requirements and the development of the most suitable applications. 
From the 1970s onwards, however, the number of new polymers leveled off seriously. In recent years,
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this trend seems to have turned around; several new avenues for polymers research have arisen from the 
interface of chemistry with other 'traditional' scientific disciplines like physics and biology, resulting in, for 
example, organic light-emitting diodes (OLEDs) and biodegradable polymers (e.g. PLA; poly[lactic acid] 
polymers) for nanosized medicines respectively (§ 3.3-2).
2.2-2 The Dutch Knowledge Infrastructure
Whereas Europe has the ambition to become the most competitive and dynamic knowledge economy 
in the world, the Netherlands has also an ambition itself: to raise the Dutch knowledge economy to a 
leading position in Europe. In order to realize this ambition, it is essential to possess an excellent 
knowledge infrastructure in which universities, public research institutes and firms function as excellent 
performers of research and development. An excellent scientific and technological performance does, 
however, not automatically lead to high-class innovation performance. That also depends on the 
innovation capacity of firms in the Netherlands. In recent years, special attention has been paid to the 
role scientific institutes can play in the innovation process. In this section, some major initiatives are 
highlighted and key public research performers in the Dutch knowledge infrastructure explored.
General Knowledge Infrastructure Initiatives
The Dutch government has firmly committed itself to the realization of a knowledge-based economy. 
Education, research and innovation have been identified as central pillars for policy aimed at stimulating 
the Dutch economy.12 The 'Innovation Platform' with members from the Dutch government, firms and 
knowledge institutes was, for example, installed in September 2003. This platform received the task to (i) 
develop a coherent and comprehensive vision on the Dutch knowledge economy and (ii) draw up plans to 
give an impetus to innovation as the driving force for productivity growth and economic development in 
the Netherlands. In addition, in an era of retrenchment in public spending, the government even allocated 
extra funds to three central pillars of education, research, and innovation. It, for example, set aside an 
extra budget of € 100 million for the period 2004-2006 to intensify the 'Promotion of Research & 
Development Act' (WBSO; a fiscal R&D-incentive for private R&D). In addition, to support the knowledge 
infrastructure, an extra € 800 million was awarded in 2003 to the 'Investment Incentive Schema for the 
Knowledge Infrastructure' (Bsik) for the period 2004-2010. The Innovation Platform opted to use a 'key 
area' approach to create focus and critical mass in a limited number of key areas that are important for 
the Dutch economy. Next to the chemical industry, five other areas (i.e. water, food & flowers, creative 
industry, high tech systems & materials, and pensions & social security) were designated as priority area. 
The intention of the Innovation Platform is to reinforce these important sectors for the Dutch economy, 
for example, by developing innovation programs in close collaboration with the stakeholders.
12 Report: 'Science, Technology and Innovation in the Netherlands -  policies, facts and figures 2006'
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Policy Making
Next to the top level (embodied by the cabinet and parliament) that is accountable for cross-cutting 
policy, three other levels can be discerned in the Dutch research system: a level of policy making, policy 
implementation and research performers (figure 2.7)13. At the level of policy making, or 'mission centered 
co-ordination', the two main ministries are the Ministry of Economic Affairs and the Ministry of Education, 
Culture and Science. With the start of the new cabinet in 2007, innovation policy is prepared by the 
Council for Economy, Knowledge and Innovation (REKI) in cooperation with a related inter-departmental 
committee (CEKI). Next to the Innovation Platform, several other advisory bodies for policy maker can be 
discerned: the Netherlands Bureau for Economic Policy Analysis (CPB) is an important advisor on social- 
economic matters; the Advisory Council for Science and Technology Policy (AWT) advises on policy in the 
areas of technological development, scientific research, and innovation; the Royal Netherlands Academy 
of Arts and Sciences (KNAW) provides advice on matters of science and technology, but especially in the 
field of basic research; various Strategic Advisory Councils occasionally advise the government on matters 
of research policy; and the Netherlands Academy of Technology and Innovation (ACTI) gives solicited and 
unsolicited advice to governmental bodies, societal organizations or political parties.
Figure 2.7: Schematic overview of the Dutch research system (ERAWATCH country overview, 2008)
Information from the ERAWATCH country overview (updated version 2008) available at: cordis.europa.eu/erawatch
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Policy Implementation
Policy implementation is done mainly by two key agencies: SenterNovem and the National Research 
Council (NWO). The first is an agency of Ministry of Economic Affairs -  although SenterNovem works for 
other ministries as well -  and is responsible for the implementation of innovation schemes. NWO, the 
Netherlands Organization for Scientific Research, functions as the funding agency of the Ministry of 
Education, Culture and Science. NWO covers all scientific fields and its most important tasks are to 
provide research grants and to coordinate research programs. Besides these tasks, NWO administers 9 
research institutes in scientific disciplines like history and physics, and accommodates (temporary) tasks 
forces that have been set up to coordinate and execute program in the fields of specific key technologies 
for the Netherlands: ICT, genomics and catalysis. For the latter field, ACTS (acronym for Advanced 
Chemical Technologies for Sustainability) was founded: a platform for pre-competitive research in 
chemistry and chemical technology in which catalysis plays a critical role. Both ministries have in addition 
two smaller intermediate organizations that allocate money. STW, on behalf of the Ministry of Economic 
Affairs, supports and finances scientific-technological research projects and promotes utilization of results 
of research by third parties. KNAW has, next to its previously mentioned advisory task, a budget to 
allocate in order to stimulate basic and strategic research at its 18 institutes located in the Netherlands.
Research Performers and GovernmentalIndustry-Science Collaboration Initiatives
In 2008, the level of research performers in the Netherlands encompassed 14 universities (including 
the Open University), 18 KNAW institutes, 9 NWO institutes and 3 task forces, the agricultural research 
institutes of the DLO Foundation, 4 large technological institutes, 9 leading technological institutes, TNO, 
and several state-owned research centers. To foster collaboration between these (semi-) public research 
entities, to which hereafter will be referred to as scientific institutes, and industrial firms, many initiatives 
for public-private interaction were developed by the government. CASIMIR (grant to increase the mobility 
of research staff in the public and private sector), SMARTMIX (grant to stimulate cooperation in consortia 
between partners from the commercial sector, knowledge institutes and society), and innovation-oriented 
research programs (IOP; grant to stimulate joint execution of fundamental-strategic research on specific 
themes at scientific institutes and firms) reflect only a selection of the options.14 For the polymeric 
materials research field, for example, the polymer innovation program was designated as one of the key 
programs. This plan was outlined by the National Chemistry Board -  including the main players of the 
Regiegroep Chemie -  and is executed by two closely linked organizations. The DPI Value Centre manages 
an extensive program aimed at additional business creation and joint development programs by SMEs, 
and the Dutch Polymer Institute manages the increasing internationally-oriented pre-competitive research. 
Next to the DPI, universities and TNO are important research performers for the chemical industry.
14 For a complete overview of the Dutch R&D policy mix (including public-private initiatives) visit: www.policymix.eu
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Universities
Universities have a threefold mission: to perform research, to teach and to transfer knowledge to 
society (§ 3.3-1). As far as the research activities are concerned, universities carry out most of the basic 
research (that is, both fundamental and strategically-oriented) in the Netherlands. All academic disciplines 
are covered by Dutch universities, however, not every field is studied at each of them. Of the 13 public 
universities, three are geared towards technology (i.e. Delft, Eindhoven and Twente) and one towards 
agriculture (i.e. Wageningen); the others are so-called general universities. Chemistry-related research is 
accomplished at ten universities in numerous research groups. Universities have a high level of autonomy 
in the Netherlands. The Dutch government is not directly involved in the management of universities. 
Universities in the Netherlands receive their funding via three flows of funding. The first is approximately 
60%, the second ± 10%, and the third flow ± 30%. The Ministry of Education, Culture and Science is 
responsible for the 'first' base (i.e. lump sum) flow of funding to universities for education and research 
activities. This 'first flow' funding was recently cut back substantially (€ 50 million annually) by the 
government and the amount of money was added to the NWO-budget to support excellent individual 
researchers through competition-based funding ('second flow"). NWO together with STW (for the technical 
sciences) are in charge of allocating the 'second flow'. These institutes receive funding from the Ministry 
of Education, Culture and Science and Economic Affairs for the 'second flow' (competition-based) funding 
of universities and the research institutes of NWO. In addition, the KNAW receives funding for its own 
KNAW-institutes. The 'third flow' of funding is the sum of money that universities acquire from outside the 
government, or indirectly from the government. This includes money from regional, national and 
international governments agencies for innovation improving subsidies (e.g. the surpluses of the income 
of the natural gas fields are invested in innovation-driven research), funding from collect-foundations as 
simulator of primarily medical research, and (joint) funding from firms.
TNO
The Netherlands Organization for Applied Research15 (TNO) was established by law in 1932 in order 
to support firms and governmental agencies that did not have an own R&D-capacity. At the present time, 
TNO is an independent contract research organization. Its expertise and research is geared towards 
making a substantial contribution to the competitive strength of firms, to the economy, and to the quality 
of the society as a whole. As a large contract research organization, TNO is able to perform detached 
scientific assessments, which are independent of private or public interests. TNO conducts a wide range 
of R&D and other activities in 5 core business areas: quality of life, information and communication 
technology, science and industry, built environment and geosciences, and defense, security & safety. In 
most cases, its customers exercise the option to exploit the knowledge developed by TNO, but it is also
15 For more information, visit TNO's website at: www.tno.nl
32
Chapter 2: Setting the Scene
commercially active with the knowledge it develops by putting it directly into the marketplace. This 
commercialization and exploitation of knowledge in the private sector is in the hands of TNO Companies 
B.V., which is a holding company separate from the public TNO organization. For the purpose of 
structuring expensive, long-term research programs for innovative knowledge development, TNO has 
several agreements with the Dutch government which are financed on the basis of targeted funding. In 
around 30 centers, under the umbrella of the 5 core business areas, TNO cooperates with a majority of 
the Dutch universities. Next to the targeted funding, TNO receives a basic grant from the Ministry of 
Education, Culture and Science.
Dutch Polymer Institute
DPI is a public-private partnership funded by universities/ knowledge institutes, industry (both for ca 
25%), and the Ministry of Economic Affairs (max. 50%). It was founded to perform exploratory research 
in the area of polymer science and technology. As a Leading Technological Institute (LTI), DPI works at 
the interface between science and industry where it links the scientific skills of university research groups 
to industrial needs for innovation. The pre-competitive research projects accomplished add value to the 
scientific community via scientific publications and to the industrial community by the creation of 
intellectual property. The DPI therefore integrates the scientific disciplines and know-how of universities 
into the chain of knowledge to improve the conditions for realizing breakthrough inventions and triggering 
industrial innovation. The successful design of novel and/ or improved polymeric materials and products 
requires an integrated, multidisciplinary approach and a profound understanding of various disciplines. 
Eight technology areas (TAs) have therefore been formulated within the DPI: polyolefins, bio-inspired 
polymers, high-throughput experimentation, performance polymers, coating technology, large-area thin- 
film electronics, functional polymer systems, and corporate research. The objective of the last technology 
area is to initiate and support enabling science and conceptual new science which is of interest to all 
partners of the DPI, because of its long-term potential impact. This program is largely science-driven with 
a vision on industrial future needs and opportunities. With regard to the research activities of DPI in the 
other TAs, industry defines the research direction and objectives, and academia the concrete research 
projects to meet these objectives. At its establishment in 1997, the mission of DPI was to establish an LTI 
in Europe in the area of polymer science and engineering that is characterized by a multidisciplinary 
chain-of-knowledge approach. At the present time, the DPI has broadened its partner base (2009: ± 70) 
with many firms and scientific institutes from across Europe participating in its program. In its projects at 
knowledge institutes all over the world some 200 researchers (PhDs and post-docs) are involved. In 
addition, DPI started a Value Centre in 2007 that will focus on techno-starters and SMEs that are actively 
involved in innovation in the field of polymers and plastics16.
16 For more information, visit DPI's website at: www.polymer.nl; or DPI's Value Centre at: www.dpivaluecentre.nl
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2.3 Conclusions and Outlook
The chemical industry boasts a long history: with its start halfway the 19th century, the industry currently 
counts more than 150 years. In this period, the industry changed from highly innovative and exciting to a 
mature one at which is looked skeptically by many people. The restrictions that come from European 
governments to dam the global climate change reflect just one issue that complicates the struggle of the 
industry to remain profitable and competitive. Various scenarios that were developed for the European 
chemical industry indicated that the focus of firms should be on innovation in order to secure a positive 
future. White biotechnology and (polymeric) material science were singled out as promising areas for this 
focus, supported by extensive industry-science collaboration. In this realm, the chemical industry was 
designated as 'key' area in the Netherlands: vital for the economy and qualified for reinforcement. As a 
result, several initiatives were suggested -  which have already been partially implemented -  based on two 
cornerstones for a powerful sector: excellent academic research and a strong industry. Moreover, much 
attention has been paid to collaboration. In case of polymers, a large and important part of the chemical 
industry in the Netherlands, this led to the foundation of the Value Centre of the Dutch Polymer Institute 
and the launch of the polymer innovation program. These facts elicited the Regiegroep Chemie to state in 
its business plan that, despite the absence of a long history on industry-science collaboration like in 
Germany, 'the Netherlands is unsurpassed in its ability to bring business and academic communities 
together'. However, the presence of the innovation paradox reveals that improvements can be made.
Industry-Science Collaboration for Innovation: Crucial, but Complicated
The current financial and economic crisis that affects the base chemicals, polymers and specialty 
chemicals sectoral classes -  some firms had to stop production resulting in a drop of output of volume by 
30-60% for some products17 -  has made it even more clear that chemical firms will have to focus on 
innovation to secure a positive future. The importance of industry-science collaboration in this process is 
widely recognized nowadays, and especially in science-based sectors like chemicals interaction is believed 
to be able to play a key role in innovation. The exact way of how this collaboration should be organized in 
reality, however, might turn out to be more difficult than anticipated: bringing people together is one 
thing, but having them afterward to collaborate is another. After all, despite all governmental efforts, 
scientific institutes are found to play only a marginal role in the process of industrial innovation. Even 
though the desire and call for industry-science collaboration have increased, many attempts still turn out 
to be unsuccessful: the many possibilities offered did not automatically lead to a greater impact. As a 
result, the role of industry-science collaboration in the innovation process has to be explored, answering 
the question: who should, at which moment and in which way, collaborate with whom?
17 Views on the impact of the economic crisis and suggestions for the implementation of the European Economic 
Recovery Plan (CEFIC, 5 February 2009)
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Chapter 3
Theoretical Perspectives: 
Innovation,
Research & Development, 
and Science
This chapter provides an overview of industriai innovation and the rote industry-science collaboration can 
play in that process. It therefore explores literature on innovation models and subsequently the properties 
of the collaborating partners, that is, o f chemical fìrms and scientific institutes. The chapter ends with a 
summary and an outlook pointing out the directions for the development o f the conceptual framework.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
A staggering number of path breaking innovations emerged from chemical firms during the 20th century. 
As a result, the world was repeatedly engulfed by an explosion of new chemistry, processes and products. 
This often happened virtually overnight: while in 1950, for example, no one had even seen crystalline 
polypropylene, by 1960 there were several commercial producers delivering some 50,000 tons of this 
product in several rapidly expanding applications. From the 1980s onwards, however, with the industry 
becoming mature and globalization rapidly taking place, the number of major innovations started to level 
off. Chemical firms were forced to achieve operational excellence and the traditional ways for achieving 
innovation were drastically changed. Those changes and its consequences are assessed. Departing from 
models for industrial innovation (§ 3.1), the chapter proceeds with the partners involved industry-science 
collaboration: the firm (§ 3.2) and the university (§ 3.3). It ends with a conclusion and an outlook to the 
next chapter in which the research questions are formulated and model is developed (§ 3.4).
3.1 Innovation
When addressing innovation in the chemical industry, it is not difficult to provide some illustrative 
examples. Next to the earlier mentioned synthesis of organic dyes, the development of polymers, and the 
introduction of the Haber-Bosch-process, another breakthrough was the discovery of coordination anionic 
catalysis. The work of Karl Ziegler of the Max Planck Institute in Germany and Giulio Natta of the Milan 
Polytechnic Institute in Italy demonstrated that the stereo-regular polymerization of polypropylene (PP) 
could be achieved and cleared the way for developing materials based on olefins. The positive effects of 
this discovery, for which Ziegler and Natta received the Nobel Prize in Chemistry (1963), need no further 
explanation. The underlying chemistry of coordination anionic catalysis is, however, meaningless for most 
people. If one asks them how they think such a brilliant innovation has come into practice, probably the 
simplified image of scientific discoveries and innovations will be the result: it usually consists of a lone 
professor, with a mass of white hair, working away in his garage and stumbling, by accident, on a major 
discovery. By means of extensive trial and error, typically accompanied by dramatic experiments with a lot 
of explosions, this discovery is eventually developed into an amazing innovation. The role of serendipity or 
luck is often central to such vivid imaginings. Studies of historical cases of innovation have highlighted the 
importance of the unexpected discovery. On closer inspection of these historical cases, serendipity is rare 
indeed (Trott, 2005). After all, in order to recognize the significance of an advance one would need to 
have some prior knowledge in that area. Most discoveries are the result of people who have had a 
fascination with a particular area of science or technology and it is following extended efforts on their part 
that advance are made. Discoveries may not be expected, but in the words of Louis Pasteur, 'chance 
favors the prepared mind'. For many decades, firms have tried to create, based on insights from models 
for industrial innovation (§ 3.1-1), the perfect conditions for such activities (§ 3.1-2).
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3.1-1 Models o f Innovation
There have been a number of attempts to impose some sort of conceptual order on the innovation 
process with the purpose of understanding it better. Such insights might help firms to achieve innovation 
more easily and they can provide a more secure basis for governmental policy formulation as well. Early 
models of innovation depicted the process as a smooth, well behaved linear process. Those exercises, 
however, turned out to have misspelled the nature and direction of the causal factors at work: innovation 
is by no means a smooth, linear and well-behaved process. Rather, it is variegated, hard to measure, and 
complex. As a result, Kline and Rosenberg (1986) developed the 'chain-linked model of industrial 
innovation'. Before introducing this model, at first the linear model -  which is largely embodied in the 
conventional (political) insights -  and its shortcomings are discussed; finally, an important shift in 
innovation models, from 'closed' to 'open', and its effects for the chain-linked model are discussed.
The Linear Model
For a long time period in history, thinking about innovation and technological change was guided by a 
linear innovation model. In the 1950s and 1960s, this model was characterized by a technology-push 
approach. In this approach, the development, production and marketing of a new product was assumed 
to follow a well-defined time sequence of separable stages. The innovation process began with basic and 
applied research activities, involved an experimental product development stage, and subsequently led to 
(initial full) production and possibly diffusion (figure 3.1). In other words, it was assumed that scientists 
made (unexpected) discoveries, technologists applied them to develop product ideas, and engineers then 
turned these ideas into prototypes for testing. It was subsequently up to manufacturing to devise ways to 
produce the proposed products efficiently. Finally, marketing and sales were responsible for the 
promotion of the product to the potential customer (Marinova and Phillimore, 2003).
Figure 3.1: Linear innovation model (technology-push approach)
In the early 1970's, the technology-push approach shifted towards a market-pull approach. An important 
driving force for this shift was the change in the viewpoint on the issue if successful innovations start at a 
new scientific finding or with a question in the market. While an emerging technology or a new 
combination of existing ones used to be considered to provide the driving force for an innovative product, 
firms grew more and more convinced that a successful product or process innovation has its origin in 
latent, unsatisfied customer needs (Herstatt and Lettl, 2004). As a result, the market-pull version of the 
linear innovation model emphasized the role of marketing as initiator of new product ideas. These ideas 
resulted from close interactions with customers and were passed on to R&D for design and engineering,
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and afterwards to manufacturing for production. This market-pull version of the linear innovation model 
guided innovation processes in many firms from the early 1970s onwards.
The model, however, came under increasing attack in the mid-1980s (Godin, 2006). At that stage, the 
linear model was considered to distort the reality of innovation in several ways. First of all, there were no 
feedback loops in the linear model. These loops were, for example, missing between the market-related 
and technology-related phases of the innovation process. Intensifying competition and shorter product life 
cycles, however, were demanding a closer integration of R&D with other phases of the innovation process 
(Fisher, 2001). Feedback is essential for both the formulation of the next steps and the evaluation of the 
performance: only in a perfect world of omniscient technical people, one would get the design of an 
innovation workable and optimized directly the first time. In the real world, shortcomings and failures are 
part of any innovation process. Secondly, the linear model of innovation implies that innovation draws on 
science, but does not recognize that the demands of innovation often force the creation of science (Kline 
and Rosenberg, 1986). Problems that come up during the development and testing of new products and 
processes often can lead to new research. Over the course of history, it would be even difficult to say 
whether science has profited more from technological processes and products than the other way around. 
Many ideas to create new polymeric materials nowadays are, for example, a direct result of feedback on 
problems encountered in the development of products using them. The extended conjugated n-bridges of 
chromophores that are used in electro-optical modulators turned out to be, for example, very vulnerable. 
For that reason, current chemical research focuses on how these n-bridges can protected to overcome the 
loss of the modulators' properties (He et a/., 2004). This type of interaction is, however, not represented 
in the linear model of innovation. The rather basic description of the innovation process -  consisting of 
separable stages that flow smoothly down an one-way street -  has therefore become superseded.
The Chain-Linked Model of Innovation
The criticism led to a broader view of the process of innovation as an interactive process. In 1986, 
Kline and Rosenberg presented an integrated model of the innovation process, the so-called 'chain-linked 
model'. This model emphasizes the central role of feedback effects between the market and technology- 
related phases of the innovation process. In addition, it underlines the numerous interactions between 
science, technology, and innovation-related activities within and among firms. The innovation process at 
the firm level is portrayed as a chain consisting of a set of activities that are linked to one another by 
complex feedback loops. A major difference with the linear model is that there is not just one major path 
of activity in the innovation process. Innovation can take many different routes of activity. The first path 
of innovation is called the 'central-chain-of-innovation' (marked 'C' in figure 3.2 on the next page) which 
starts with the perception of a new market opportunity and the production of an analytical design. This 
stage is then successively followed by (i) the detailed design and testing of a new product, (ii) redesign 
and production, and (iii) distribution and marketing. During this process, multiple sources of knowledge
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are utilized. This way, different pieces of knowledge are combined in new ways by means of interaction 
and feedback to create new knowledge. (Niininen and Saarinen, 2000). The series of feedback loops 
(marked 'f' and 'F' in figure 3.2) that connect and co-ordinate research and development with production 
and marketing are therefore seen as a second path. Short feedback loops link each phase in the central 
chain with the one preceding it, while longer feedback loops link perceived market need and product 
users with phases more upstream in the innovation process. In this sense, feedback is an vital part of the 
cooperation between product specification, product development, and marketing.
j—INVENT c  I |y
. AND/OR ""XOETAILEO ^R ED ESIG N  | DISTRIBUTE 
POTENTIAL 1 PRODUCE I DESIGN C AND C ^ A N D  
M ARKET I ANALYTIC | AND I PRODUCE 1 MARKET
| DESIGN I TEST | |
F
Figure 3.2: Chain-linked innovation model (Kline and Rosenberg, 1986; p. 290)
Research and technological development tends to be interwoven: side-links to research are used all along 
the central chain of innovation. In figure 3.2, three of these links are visualized and marked with 'D', 'I' 
and 'S'. The latter two arrows (I and S) refer to the critique on the linear innovation model which stated 
that innovation draws on science, but did not recognize the feedback from the innovation process to 
science. The development of new machines, tools, and procedures of technology (arrow 'I1) has supported 
scientific research. For example in the case of Pasteur: without the microscope, one does not have the 
work of Pasteur, and without that work modern medicine research would be hardly possible (Niininen and 
Saarinen, 2000). Moreover, the support of research (arrow 'S') might take place by gaining information 
directly, or by monitoring outside work, of science underlying the product area. This information might 
subsequently apply anywhere along the value chain. The direct link (arrow 'D1) from research to the 
invention and design phase resembles a part of the linear innovation model: new scientific findings that
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initiate innovation. However, this way of flow is only rare. The other way around (i.e. situations in which 
research is necessary to solve technical problems that are encountered during the invention and design 
phase) is much more common nowadays. If technical challenges, however, directly appear to be too hard, 
the perceived market need will probably not be filled by the firm. Problems might, however, also emerge 
during later phases of a specific innovation. The linkage from innovation to science is thus not solely (or 
principally) present at the beginning of the innovation process, but can be found throughout the entire 
development. These linkages, reflected by the arrows 'K-R' in figure 3.2 (p. 39), were the reason for the 
name 'chain-linked model of innovation': science is visualized as lying alongside the central development 
process. It can be reached back to whenever this is needed (Kline and Rosenberg, 1986).
The type of input that is typically needed varies in different stages of the central-chain-of-innovation. 
The scientific input needed in the first phase (i.e. design/ invention) originates in general from long-range 
science that is often indistinguishable from pure academic science in the relevant discipline. The science 
required in the development stage in contrast is regularly more clear-cut. It often concerns the analysis of 
how the components of a product interact once connected and which further actions are needed to obtain 
the required function. The technological input needed can be obtained in two ways: it can immediately be 
available from the firm's existing stock of stored knowledge, or is has to be created by means of research 
(Kline and Rosenberg, 1986). When a firm confronts a problem in technological innovation, it first calls on 
its existing knowledge base. It will do so several times. Only when all attempts fail to supply the needed 
information, a call for research (the so-called flow part of science) is needed and also justified. The 'K-R' 
links visualize this process. If a problem is solved at node 'K', arrow '3' (i.e. from knowledge to research) 
is not activated; once the problem, however, remains unsolved link 3 is activated. This process of mission- 
oriented research is much more costly and time-consuming and therefore not favored at first instance. 
The use of accumulated knowledge from both the firm's own knowledge base and the general scientific 
and technological knowledge pool is essential for the realization of innovation nowadays (Fisher, 2001). 
The knowledge used, however, will not only be of a technological nature: for example, information about 
the nature of the final market, the available resources, and the way the firm itself works are needed as 
well. The notion that innovation is initiated by research is wrong in most of the time. Although there are a 
few cases in which it actually sparks innovation (i.e. arrow 'D'), research is generally of more value during 
the process as a back up for the firm's existing knowledge base.
An Open Approach towards Innovation
Nowadays, there has been considerable attention for the importance of external knowledge sources 
for firms to establish innovation. Next to concepts like networked and distributed innovation (Powell et a/., 
1996; Coombs et a/., 2003), and technological collaboration and research alliances (Freeman, 1991; 
Hagedoorn et al., 2000) that are used, the most well-known concept used for describing and theorizing 
this phenomenon today is 'open innovation' (Chesbrough, 2003). At its roots, this paradigm assumes that
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useful knowledge is widely distributed. With the increasing speed of knowledge development and 
products that include a broader range of different technologies (Iansiti, 1997), a firm's own knowledge 
base -  as it was defined in the chain-linked model of innovation -  is often not sufficiently equipped to 
achieve innovation. As a result, even the most innovative firm has to identify, connect to, and leverage 
knowledge of external sources. This external orientation has become a core part of the modern innovation 
process (Chesbrough, 2006). Instead of a so-called 'closed innovation' model, where projects could only 
enter at the beginning and exit by going into the market or being stopped, the 'open' model emphasizes 
that there are many ways for ideas to flow into the process, and many ways for it to flow out into the 
market (figure 3.3). Projects can, for example, create a new market for the firm via the development of a 
spin-off, while new technology can enter the innovation process at several stages.
Figure 3.3: The closed (left) and open (right) innovation funnel (Chesbrough, 2003; p. xxii/ p. xxv)
3.1-2 Innovation in the Chemical Industry
Collaboration has been recognized nowadays as an important factor in supplementing the internal 
innovative activities of firms. Especially in the case of more radical innovations that force firms to draw on 
new technical skills and need new problem-solving approaches, the supply of scientific knowledge can be 
of assistance to reach objectives. The need to use external technological knowledge has increased (as it 
was reflected in the open innovation paradigm), however, this need usually does not cover the suggestion 
of new ideas. R&D-projects are often started in reaction to a market need. The extent to which scientific 
input is required is not similar for firms in all industries: collaboration with scientific institutes is primarily 
important for firms that are active in science-based industries as their innovations are assumed to directly 
benefit from the technological advances. The exploration in this section reveals that R&D-departments 
play an central role in the innovation processes of science-based firms. As a result, they are the most 
appropriate part of the firm to collaborate with scientific institutes.
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The Science-based Chemical Industry
Pavitt (1984) demonstrated that there are important sectoral differences concerning innovation. With 
his taxonomy, the wide sectoral diversity of innovation was reduced to four classes. Firms in different 
classes apply, for example, other technological and market knowledge for their innovative activities. The 
concept underlying the typology was not new: already in the 18th century, Adam Smith was aware of the 
diversity on the sources of technological change. In the late 1950s, Woodward (1958) and (1959) made 
key contributions that led to the notion of sectoral differentiation of technological change. Subsequently, 
evolutionary economists introduced -  first proposed by Nelson and Winter (1977) and later on extended 
by Dosi (1982) -  technological trajectories. It was stated that the path of technological development is 
cumulative and self-generating (i.e. without recurring references to an external economic environment of 
a firm). Based on these studies, Pavitt suggested that industrial sectors differ greatly in the sources and 
directions of technological change. He introduced, based on systematic data on over 2000 significant 
innovations in the UK, four sectoral classes: scale intensive (e.g. automobiles, steel), specialized suppliers 
(e.g. machinery, software), supplier-dominated (e.g. agriculture, traditional manufacture), and science- 
based sectoral class (e.g. electronics, chemicals). This original typology was updated by the inclusion of a 
new class called 'information intensive' which included firms in finance, retail and publishing (Tidd et a/.,
2005). One of the implications was that collaboration with scientific institutes is not equally important in 
all industries: it is of particular value for firms that are active within the science-based sectoral class.
In science-based firms, technological accumulation emerges mainly from corporate R&D-laboratories, 
and is heavily dependent on knowledge, skills and techniques coming from academic research (Carper 
and Snizek, 1980). Interaction with scientific institutes is therefore especially beneficial for firms that try 
to accomplish innovation in industries like electronics and chemicals (Pavitt et a/., 1989). The knowledge 
generated by the developments in technical disciplines at scientific institutes enters firms via their R&D- 
departments. The external input for their in-house R&D-activities enables firms to develop technologically 
new applications and adjust existing products more quickly. A development process, however, does not 
become self-evident because of this input: it still takes a long time before a product or process idea is 
realized (Greenhalgh and Rogers, 2006). With the R&D-department as the main locus of innovation in 
science-based firms and basic research at scientific institutes as an important source of scientific and 
technological knowledge, the innovation strategy has to address a number of key elements. Tidd et al. 
(2001) argue that the strategy of science-based firms has to address three elements: (i) to monitor and 
exploit advances that emerge from scientific research, (ii) to develop technologically related products and 
acquire the complementary assets (e.g. production, marketing) to exploit them, and (iii) to reconfigure 
the firm's business units in the light of changing technological and market opportunities. Especially large 
sized firms are expected to launch new products and processes, because of the R&D-lab's central role in 
realizing innovation. These large firms have larger resources available than small firms to devote to R&D- 
activities and thus simply often possess larger R&D-laboratories (Henard and McFayden, 2005).
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Although Pavitt's taxonomy has held up reasonably well to subsequent empirical tests (Arundel et al,
1995), it inevitably simplifies (Coombs and Richards, 1991). Other researchers that have elaborated on 
the results presented variations of the taxonomy. Cardinal et a. (2001), for example, differentiated 
science-based industries into two types of science, developed and developing, which represent end-posts 
on a longitudinal continuum. Whereas in the case of developed fields the underlying scientific knowledge 
has been well codified over time, in developing fields much of the knowledge is yet to be codified. As a 
result, researchers in the first field combine codified scientific knowledge with complementary assets like 
computer simulation programs and human capital to discover new products. Scientists of the other field 
need to combine partially codified knowledge with complementary resources such as learning-by-doing 
capabilities and cross-functional teams to reach the targets. Another refinement was presented by Marsili 
(2001). She distinguished four 'regimes' next to a science-based class: fundamental process, complex 
systems, product engineering, and continuous process. However, despite these described refinements for, 
for example, for the science-based sectoral class, the taxonomy of Pavitt allows large numbers of complex 
phenomena to be divided into more convenient categories (Carper and Snizek, 1980). These categories 
are easier to use, while the identified differences between the classes are rather robust. Technological 
advances in scientific knowledge are, for example, still seen as very important for innovation processes in 
chemical firms (Mansfield, 1991, 1998; Meyer-Krahmer and Schmoch, 1998; Marsili and Verspagen,
2002). Niosi (2000) noted, however, that firms within Pavitt's sectoral classes have technology-related 
similarities, but are by no means homogenous. The typology does therefore not offer the possibility to 
differentiate between individual firms within each class in terms of innovativeness. So, although Pavitt had 
set the firm as unit of analysis, in reality, he approached it as a 'black box' (Caloghirou et a/., 2003).
Types of Innovation
Taking into account the differences with regard to the innovation process for different industries, it is 
important to distinguish different types of innovations and explore their innovativeness. A substantial body 
of literature that describes these subjects has been developed over the years. The general models of 
innovation that have been reviewed so far facilitate framing the process, but do not make an explicit 
distinction between several types of innovation, nor do they link them. Innovations can, however, refer to 
technological innovation (Utterback, 1971), product innovation (Dougerthy, 1992), process innovation 
(Davenport, 1994), strategic innovation (Tushman and Anderson, 2004), organizational innovation (Daft, 
1978), and marketing innovation (Levitt, 1962). In addition, differences in the degree of innovativeness 
can be discerned: radical, really new, discontinuous, incremental, and imitative innovation (Garcia and 
Calantone, 2002). A brief acquaintance with this terminology and the mutual links is important to have to 
better understand the innovation process in the chemical industry. In the science-based sectoral class, 
innovations that embody technical inventions from engineering, the industrial arts, applied sciences and/ 
or pure sciences have been singled out as the most regular type of innovation (Tidd et a/., 2001). In this
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observation, an innovation is distinguished from an invention. A technical invention does not become an 
innovation until it has been processed by production and marketing, and is diffused into the marketplace. 
A discovery that does not make it beyond the laboratory remains an invention. If it, on the other hand, 
goes from the laboratory into production and adds economic value to the firm, it is an innovation. In the 
marketplace, such an innovation that is the result of a technological improvement mostly appears as a 
saleable new end product. It can, however, also be a change in a firm's production process leading to 
(major) cost savings. Such a 'process innovation' should not be confused with the 'innovation process' 
which is the totality of activities by which new products and processes are developed.
The difference between innovation and invention again illustrates that the innovation process in order 
to be successful needs to combine technological development of an invention with a market introduction 
to end-users through adoption and diffusion. To ensure of market value, innovation is in most cases even
-  as it was demonstrated in the chain-linked model -  initiated by the perception of a new market and/ or 
customer demand. Firms are therefore staying close to their existing customers to target their needs. This 
often gives rise to incremental innovations which involve the adaptation, refinement, and enhancement of 
existing products (or processes) in existing markets (Song and Montoya-Weiss, 1998). As a result, these 
innovations take usually place within a set of rules which are clearly understood, and involve players who 
try to do better what they are already doing. Incremental innovations are for that reason characterized by 
minor technological changes and largely build on the firm's existing competences (Johannessen et a/.,
2001). The need to change the firm's existing marketing resources, technological resources, and 
competences is therefore mostly absent for incremental innovations. As a result, firms do generally not 
have to reach back to the knowledge pool and research facilities that are available at external sources in 
these cases. The majority of industrial innovative activities comprise such iterative, incremental changes: 
continuous revenue is guaranteed by improving and modifying existing products. Because they are the 
main income, incremental innovations are very important for many firms. Nevertheless, they only 
represent one class of innovations. A review of literature (Garcia and Calantone, 2002) revealed many 
categorizations, varying from a categorization with eight classes (Johnson and Jones, 1957), to a tetra 
(i.e. 4 classes) classification (cf. Chandy and Tellis, 2000), to dichotomous (i.e. 2 classes) taxonomies.
Especially the way using two categories is often applied in literature to label the innovativeness (i.e. 
the degree of newness) of an innovation. In those cases, a distinction is made between highly innovative 
products (i.e. having a high degree of newness) and low innovative products that are placed at the 
opposite extreme of the imaginary continuum. Labels frequently used to describe this difference are: 
discontinuous vs. continuous (Anderson and Tushman, 1990), disruptive vs. sustaining (Christensen, 
1997), and radical vs. incremental (Kessler and Chakrabarti, 1999) innovations. In order to reduce the 
large number of typologies, Garcia and Calantone (2002) introduced a new dichotomy. They introduced 
an incremental and a discontinuous category; innovations of the latter category could in turn either be 
'really new' or radical. Radical innovations have been defined as innovations that use a new technology
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and result in a new market, while 'really new' innovations involve the combination of either a new market 
and an existing technology, or a new technology and an existing market. Incremental innovations are 
products and processes for existing markets based on existing technology in the definition of Garcia and 
Calantone (2002). As it was mentioned in the introduction (chapter 1; p. 5), the dichotomy incremental/ 
discontinuous innovation is applied in the present study. The distinction between both types of innovation, 
is made based upon other criteria, however, because the innovations that are central to the present study 
are the result of a technological improvement in which a scientific institute played a role. To specifically 
address this technological nature, discontinuous innovations are characterized as 'game changers' that 
have the potential (i) for a 5-10 times improvement in performance compared to existing products, (ii) to 
create the basis for a 30-50% reduction in costs, or (iii) to have new-to-the-world performance features 
(Rice et a/., 1998). Incremental innovations, on the contrary, involve the adaptation, refinement, and 
enhancement of existing products and/ or production processes.
The Product Life Cycle
Discontinuous innovations, of which is argued that they are very important for the future well-being of 
firms (Nijssen et a/., 2005) are, in contrast to incremental innovations, characterized by large investments 
and long-term developments times (O'Connor and McDermott, 2004). The lead-time prior to launch of a 
discontinuous innovation in science-based industries can be 10, or even 15, years (figure 3.4). Although in 
this framework the series of activities prior to the innovation's introduction are represented linearly, it is 
recognized from the chain-linked model of innovation (§ 3.3-1) that this process is full of feedback loops 
and that accumulated knowledge and research can be needed in every phase. Moreover, where basic 
research, scientific suggestions, and discoveries are said to initiate innovation in figure 3.4, this is usually 
not the case. In contrast to incremental innovations, however, a firm has probably to approach external 
partners for discontinuous innovations more often, because its existing knowledge base is not sufficiently 
equipped to successfully realize the process alone (Kaufmann and Todtling, 2001).
Figure 3.4: Extended product life cycle (Trott, 2005; p. 295)
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The long development time and high costs, in combination with high degrees of risk and uncertainty 
related to their potential outcome, make that achieving discontinuous innovations is not a simple exercise 
(Tushman et a/., 1997). Pioneering work on the description of the pattern of technologically discontinuous 
innovation resulted in a model that linked this type of innovation to incremental, product and process 
innovation (Abernathy and Utterback, 1978). Assuming that for any product and/ or technology there is a 
finite life -  measured in decades or centuries -  these authors discerned three stages: a fluid, transition 
and rigid development stage. The idea underlying their model of a product life cycle is that products will 
be developed over time in a predictable manner with initially, in the fluid phase, an emphasis on product 
performance, then in the transition phase product variety is emphasized, and the final rigid phase the 
focus will shift towards product standardization and costs. Both the nature and rate of innovation 
therefore change over time. Initially, a new technology allows for the development of a discontinuous new 
product of which the performance is superior in many respects to the ones based on the old technology it 
replaces. The new technology, however, is typically still unrefined in many respects, and therefore a high 
rate of product change occurs as the technology improves. Because of the high rate of product change, 
process improvements are neglected in the early period; but later on, as the product becomes better 
defined, process change is emphasized due to, for example, the need for larger volumes. In this middle 
period, the high rate of process change reflects the needs of various firms to compete on the basis of 
price more than in the earlier period, when product performance characteristics tends to be the principal 
competitive factor. In the last stage, both product and process change decline considerably, and the 
segment becomes relatively static: the rigid development stage begins. Since the production process has 
become standardized for the product innovation, mainly incremental process innovations will evolve to 
improve productivity and reduce costs (Abernathy and Utterback, 1978).
A clarifying, historical example in the chemical industry was the shift that was made in the production 
of soda ash. For many years now, sodium carbonate (Na2CO3) has been an essential ingredient in making 
soap, glass. In addition, soda is common additive in public pools used to neutralize the acidic effects of 
chlorine and raise the pH. In the earliest days, soda ash was produced through a sophisticated reaction 
which was carried out in a batch process. This Leblanc process, however, also generated large volumes of 
hydrochloric acid and calcium sulphide as by-products, which caused waste disposal problems. In 1861, 
Earnest Solvay gave the initial impetus to the current generation of continuous processes that use 
electrolytic techniques. With calcium chloride as its only waste product, this process was from the outset 
much more economical than the Leblanc process. Nevertheless, it took until the late 1880s before the 
Solvay process had become to dominate the world's sodium carbonate production; and only in the early 
1920s, the last Leblanc process plant was closed. Moving from the Leblanc to the Solvay process did thus 
not happen suddenly: it took decades of work to refine and improve the process, and to fully understand 
the chemistry and engineering required to get consistently high quality and output. The example 
symbolizes the iterative nature of the innovation process as it was indicated in the model of Abernathy
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and Utterback (1978). The new technology allowed for the development of soda ash in a way that created 
the basis for a considerable reduction in costs compared to the old technology. The focus with regard to 
the Leblanc process, however, shifted almost completely to areas like cost reduction and productivity 
improvement. Incremental innovations became more significant in this stage. This way, the Leblanc 
process managed to remain rather competitive to the Solvay process which was still to be fine-tuned. As a 
result, the lifespan of the Leblanc process was somewhat prolonged. Finally, however, the situation was 
set for change: the Leblanc process declined, and the Solvay process became the only process in use.
Managing Innovation and the Role of R&D
Pavitt's classification gave insights into the sectoral differences regarding innovation, and the model of 
Abernathy and Utterback into the relations between the different types of innovation, but these industry- 
level studies do not explain how to achieve innovative success. Given that industries consist of multiple 
and competing firms, research on innovation at the industry-level focuses on the interplay between on the 
one hand the structure and dynamics and, on the other, the emergence and diffusion of innovation 
(Gupta et a/., 2007). Although such macro-level studies can demonstrate that there is often a general 
pattern across sectors showing how success precedes failure, they hardy consider the organizational and 
managerial factors that are potentially related to the rate and success in innovation (Adler, 1989). 
Accordingly, to obtain the required detailed insight into the way scientific institutes can contribute to the 
innovation process of firms in the chemical industry, it is necessary to 'open up the black box' and explore 
its internal processes (Tushman and O' Reilly, 2004). Scholars of the organization-oriented perspective 
look into the 'black box' and attempt to identify the distinguishing characteristics of successful innovation 
processes. As a result, this perspective has produced a wealth of literature over the years. A prominent 
stream in this research is clustered around the theme of 'new product development' (NPD). In an often 
cited review of literature, Brown and Eisenhardt (1995) identified three approaches within this stream -  
rational planning, communication web and disciplined problem solving -  which all emerged around 
different key findings for successful product development. The rational plan research focuses on a very 
broad range of determinants of financial performance of the product, while the communication web work 
centers on the narrow effects of communication on project performance. The disciplined problem solving 
concerns the effects of the product organization details -  i.e. a development team, its suppliers, and 
leaders -  on the actual product-development process.
Even though all streams focus on complementary sets of constructs, the limited overlap between 
them underpinned the step Brown and Eisenhardt (1995) took towards an integrated model of NPD. They 
identified several key themes (e.g. project team/ leader, senior management, and suppliers & customers) 
that they considered to be important for successful product development, but needed further exploration. 
Ever since the research on and the identification of factors influencing NPD has exploded: varying from an 
early involvement and concurrent working, to the need for cross-functional teams, to the presence of
47
Industry-Science Collaboration in the Dutch Chemical Industry
product-champions. At the heart of most of these studies is that the task of making innovation happen 
(i.e. moving from idea through to successful products or processes) is essentially one of managing what 
Wheelwright and Clark (1992) called the 'development funnel' (figure 3.5). A closer look at this way of 
modeling the innovation process learns that at the outset anything is possible: a large number of ideas 
exist at the beginning of a new innovation process (figure 3.6). However, the subsequent evaluation and 
screening processes drastically reduce this number is ideas. Before beginning the development phase, the 
number of ideas is further reduced by some business analysis. At this stage, the process is crucial in two 
respects: (i) successful ideas have already to be identified in the early stage of the innovation process, 
and (ii) as the development process starts, more and more resources have to be spent by the firm, which 
makes it increasingly difficult to change direction. The number of ideas transferred to the development 
phase has therefore to be limited to those ideas that are most likely to succeed.
Products
Cumulative Time (percent»
Figure 3.5: Development funnel Figure 3.6: Mortality curve of new product ideas
(Wheelwright and Clark, 1992; p. 112) (Niininen and Saarinen, 2000; p. 13)
Managing innovation is therefore a balancing act between the costs of continuing with projects which 
may not eventually succeed (and which represent opportunity costs in terms of other possibilities) and the 
danger of closing down too soon and eliminating potentially fruitful options (Tidd et a/., 2001). These 
decisions can be made on an 'ad hoc' basis, but experience suggests that a structured development 
system with clear decision points and agreed rules on which to base go/ no-go decisions is more effective 
(Cooper and Kleinschmidt, 1993). Recalling the chain-linked model of innovation and the classification of 
Pavitt (1984), the R&D-department is (i) the guardian of the firm's technical knowledge base, (ii) the 
major performer of research, and (iii) the gateway for knowledge from scientific institutes to enter the 
firm. In the light of the development funnel model, this implies the R&D-department of science-based 
firms (i.e. including chemical firms) can be consulted in every stage as it plays a key role in the realization 
of all types of innovations. The consultation can vary from advising on the subject of intellectual property 
rights of an innovation, to offering assistance during manufacturing, to administrating the product safety 
characteristics for legislation like REACH. Accordingly, the R&D-department will be the subject of further 
exploration to obtain a clear picture of the firm's side during industry-science collaboration (§ 3.2).
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3.2 Research &  Development
During the last decades of the 19th century, German firms in the newly created electrical and chemical 
industries built in-house R&D-organizations that eventually would become the model for all science-based 
industries. In the chemical industry, the experience of the firm Bayer A.G. -  founded by Friedrich Bayer 
and his partner Johann Friedrich Weskott in Barmen (Germany) in 1863 -  is representative. Their firm 
tried several methods for linking science and scientists to its commercial objectives, and by 1891, the 
major patterns and forms of its R&D-programs had crystallized. Bayer A.G. built a central laboratory that 
was furnished with the latest scientific instruments and supplied with a scientific and patent library 
(Hounshell, 1996). The firm also established specialized applications laboratories and other facilities 
dedicated to the improvement of production processes. Scientists, most of whom had earned doctorates 
from German research universities, staffed all of these facilities. Until 1900, no U.S. firm had an R&D- 
organization comparable to those of German chemical firms like Bayer, BASF, and Hoechst. The German 
system was, however, admired by managers of U.S. technologically advanced firms because of the 
evident success of the industrial R&D-programs in those German chemical firms. Pioneering activities in 
the U.S. chemical industry were accomplished by E.I. du Pont de Nemours. In 1903, this firm created the 
General Experimental Laboratory, a forerunner to its Experimental Station, to develop improved processes 
and products, and obtain a deeper understanding of the matter it dealt with (Smith and Hounshell, 1985). 
Numerous chemical firms worldwide followed the examples and an incredible number of radical and really 
new innovations emerged from the formalized chemical laboratories during the 20th century (Grupp,
1996). From the 1980s onwards, however, the chemical industry became mature, globalization took place, 
and the number of innovations leveled off. The financial position of chemical firms worsened. One of the 
results was that the traditional way of organizing (§ 3.2-1) and managing (§ 3.2-2) R&D became subject 
to massive challenges. Especially corporate R&D and its long-term research changed radically.
3.2-1 The Organization of R&D
A central laboratory placed close to headquarters and equipped with extended authority to lead and 
control the firm's R&D-policy represented the dominant paradigm for managing R&D in large R&D- 
intensive firms from after World War II to way into the 1980s (Whittington, 1990). From the maturity era 
onwards, however, the position of R&D changed within firms in the science-based sector (Roberts, 1995). 
In increasingly multi-divisional and multi-national firms, it became harder to assist all parts of the firm 
from central R&D-labs. This difficulty, in combination with the weak financial situation, forced chemical 
firms to achieve operational excellence by means of both aggressive restructuring and cost control (Walsh 
and Lodorfos, 2002). Accordingly, chemical firms as well as other large R&D-intensive firms experienced a 
wave of downsizing, decentralization, outsourcing and internationalization of their R&D-departments over 
the last couple of decades (Howells, 1990; Floyd, 1997).
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R&D-Structure
Within the chemical industry, the multidivisional structure can be regarded as standard, reflecting the 
general strategy of creating chemical products for related product areas (Hoffman and Frankemolle,
2006). DSM comprises, for example, a number of divisions (e.g. polymer intermediates, base chemicals, 
pharma and performance materials). Each of these divisions consist of a number of business units or 
groups. In case of the division performance materials, three business units can be identified: Resins, 
Engineering Plastics and Dyneema®. The so-called M-form organization offers firms a variety of options to 
structure their R&D-organization. They can designate the responsibility to the corporate level, the level of 
the division, or business unit level, while combinations are possible as well. Moreover, next to the 
structuring based on responsibility (Coombs and Richards, 1993), firms can consider R&D-organization in 
terms of funding (Birkinshaw and Fey, 2003) and -  when reviewing all their R&D-locations -  geographical 
location (Gassmann and Von Zedtwitz, 1999) as well. Based on a sample of 33 technology-based firms, 
Gassman and von Zedtwitz, for example, discerned five typical forms of the international organization of a 
firm's R&D: ethnographic centralized R&D (all R&D is centralized), geocentric centralized R&D (R&D is 
centralized, but employees are regularly sent abroad to collaborate with manufacturing, local suppliers 
and customers, or to sense what is going on in the environment), polycentric R&D (local R&D sites are 
established), the R&D hub model (most R&D is centralized, but there are smaller R&D centers focusing on 
special areas and acting as listening posts which are geographically dispersed), and the integrated R&D- 
network (a true network of R&D-locations around the world with no clear center). The firm's choice for 
the geographical dispersion of its R&D-locations is often based on the need for 'local' presence.
At the heart of the structural question about the R&D-organization for large multi-divisional firms is, 
however, the extent to which R&D is centralized or decentralized in terms of decision-making authority 
(Dodgson, 2000; Argyres and Silverman, 2004). Figure 3.7 shows these two extreme types of R&D- 
structure: centralized (left) and decentralized (right). In a decentralized organization of R&D, a firm has 
several business unit laboratories that each report to their own business unit management team. In a 
centralized R&D-setting, a firm possesses one large central (or corporate) R&D-laboratory for which the 
authority of decision-making is at the corporate level.
Figure 3.7: A centralized R&D-structure (left) and a decentralized R&D structure (right) 
(Argyres and Silverman, 2004; p. 932)
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The central corporate R&D-laboratory was a dominant feature of the innovation landscape for most of the 
20th century. From the late 1980s onwards, however, science-based firms deemphasized this central 
facility in favor of business unit laboratories. Some firms maintained a part of their centrally organized 
R&D, mainly centered around analytical services, while other firms completely eliminated corporate R&D. 
Each form of R&D-organization has its own benefits and drawbacks. A centralized structure is usually 
understood to mean corporate, long-term strategic research with corporate centralized decision-making. A 
decentralized structure is mostly referred to as development related, short- to medium-term incremental 
innovation activities with local decision making at the BU-level (Lerner and Wulf, 2007). A hybrid situation 
(i.e. a small central lab and a number of decentralized R&D-labs) should combine the best of both 
organizational forms, but this has not often been realized in practice (Argyres and Silverman, 2004).
Centralized Laboratories
In a centralized R&D-structure, there is a single executive in charge of a firm's R&D-activities. This 
manager reports directly to a corporate-level executive such as the firm's president or Chief Executive 
Officer (Argyres and Silverman, 2004). Three main advantages of the R&D-responsibility at the corporate 
level are discerned. First, this organization provides protection for technological innovations that would 
otherwise be killed off by the short-term demands of the market (Schumpeter, 1934; cited in Birkinshaw 
and Fey, 2003). Long-term R&D-projects like the creation of new technology platforms are easier to 
accomplish in a stable innovative climate, where constancy of the research program also allows acquiring 
and growing competent scientists. Second, a centralized structure offers a firm critical mass: far more can 
be achieved when scientists work together than when they work alone. Competent scientists find 
challenge in the exchange of views with other colleagues and usually remain closer to the state-of-the-art 
(EIRMA WG 56 Report, 2004)18. They know the frontier of their technology and have mastery of the 
language that is needed to discuss technological problems with scientists outside the firm. Centralized 
laboratories can therefore be seen as the 'gateway' for scientific and technological knowledge of scientific 
institutes to enter the firm. At the same time, they offer a continuity of scientific excellence that helps the 
firm both to be accepted as a competent partner and to attract young potentials. A third advantage is that 
a central R&D-department gives rise to cost efficiency. By fulfilling a coordinating role, it can help BUs to 
overcome duplication costs that might result from solving the same issues at various places, or from 
buying expensive equipment that can be very well shared between business units (Reger, 1999).
The protection offered to long-term technological innovations by a stable R&D-environment, however, 
can also be considered to be a weakness. A focus on technology-driven innovations makes developments 
(i) unresponsive to market demands, (ii) reluctant to switch away from technologies that have been years 
developing in the pipeline, and (iii) expensive to maintain. Because of its long-term nature, research is
18 European Industrial Research Management Association; Report of Working Group 56: "Centralized vs. Decentralized 
R&D - Benefits and Drawback"
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often remote from the market and may have little input from the marketing expertise of the firm. Projects 
are sometimes far in the development process before wrong market assumptions are recognized. In 
addition, there is hardly any flexibility in changing or terminating long-term projects: since technical or 
market success is in the distant future, there is always hope chances might improve tomorrow. As a 
result, a surplus of tenacity and optimism are often present. Finally, due to low return on investment 
(Rol), a central R&D-department is expensive to maintain. Many long-term R&D-projects originate, for 
example, from a scientific idea or an emerging technology. This means that a potential future business, 
involving a new technology and a new market, must be build up from scratch. This 'radical' combination is 
difficult to establish. Moreover, the transfer of such projects into the BUs is not often successful. With no 
sufficient market knowledge available, the implementation of technical results in the BU can be 
problematic. If a BU has not been involved from the start, there is often a lack of commitment from its 
side as much of the new knowledge is hard to understand (EIRMA WG 56 Report, 2004).
Decentralized Laboratories
In a decentralized structure, research is conducted exclusively within BUs; R&D-directors report to 
BU-managers. This decentralization of responsibilities allows R&D-directors to apply their resources more 
efficiently to address new market opportunities and technological developments that could add value for 
(potential) customers (Bartlett and Ghoshal, 1993). These firms often have a number of small/ medium­
sized laboratories -  located within separate business units -  and no large centralized lab (Argyres and 
Silverman, 2004). If they do possess a small central lab, it often encompasses no more than some 
analytical services like HPLC and GC. The advantages and disadvantages of totally decentralized R&D are, 
to a large extent, the mirror image of those of the centralized structure (Birkinshaw and Fey, 2003). 
Decentralized R&D creates market-driven portfolios and has projects that are close to the market. There is 
often a relatively high degree of customer intimacy so that the customer's technical requirements for 
introduction of new products can be early anticipated and prepared for. Collaboration with customers 
therefore allows for a fast conversion of research into products. R&D becomes much focused, flexible, and 
to a large extent, success-oriented. It frequently has contact with the BU-management. A clear milestone 
structure and time-to-market projections are used to realize high expectations that new markets and sales 
potentials can be opened up by solving certain technical problems (EIRMA WG 56 Report, 2004). As a 
result, in decentralized structures R&D is generally well integrated into business management and 
divisional culture: there are no barriers to overcome because R&D is seen as one unit amongst others. 
This embeddedness, however, obstructs the execution of strategic projects that have been recognized as 
necessary for a firm's long-term survival (Hoskinsson et a/., 1993). Since each BU is responsible for its 
own profitability, the economic pressure as a result of increased competition causes a significant barrier 
for long-term commitment of large financial resources. A short-term orientation therefore usually prevails 
in firms which makes it difficult to introduce long-term oriented projects (Swan and Allred, 2003).
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Hybrid R&D-Structure
A hybrid R&D-structure was proposed to overcome the disadvantages of both R&D structures, and 
thus achieve the 'best of both worlds'. To build up competencies in new technological areas, but at the 
same time gain higher returns on R&D-investments, some multinational European chemical firms provide 
space and build a culture for the creation of discontinuous innovations. In this version of R&D, firms try to 
make innovations interact with the corporate strategy, including the analysis of market needs and building 
an entrepreneurial culture throughout their firms. In addition, they try to create internal ventures and 
invest in external ventures to build up new capabilities and commercialize innovations. Examples are 
DSM's Innovation Department, Akzo Nobel's Innovation Unit, BASF's Future Business Initiative, and 
EVONIK's Creavis Technologies and Innovation Centre. Daft (1989), however, already remarked that a 
hybrid R&D-structure might suffer the consequence of greater role ambiguity than other structures. In 
addition, Argyres and Silverman (2004; p. 953) state: "In hybrid organizations, where different research 
personnel reports to different centers of authority, ambiguity about R&D-objectives is greater than in fully 
centralized or decentralized organizations". They discovered that the hybrid R&D-organization did not 
consistently result in innovations that were different from those generated by decentralized R&D- 
organizations. Most of the chemical firms therefore (also) kept relying on R&D-budgets as an important 
tool to stimulate long-term research activities in the business units.
3.2-2 The Management o f R&D
The main advantage of the R&D function's decentralization for chemical firms was the reinforcement 
of the link between the business, its products and markets. It was argued that a large, centralized R&D 
laboratory is often too far removed from where its technology would eventually be applied. By providing 
each BU with its own R&D-laboratory, communication and product development was to be improved. The 
weakness of this closer link was, however, that it could lead to an emphasis on short-term development. 
To assure coordinated long-term R&D-investments, an ongoing experimentation with different tools was 
observed rather than a new dominant paradigm emerged for managing corporate R&D. In this paragraph, 
two important tools aimed at securing long-term research activities are highlighted: the source of funding 
and R&D-project portfolio management. First, a brief historical review of the five generations of R&D- 
management is presented to show the role R&D played in the models of industrial innovation.
A Brief Historical Review of R&D-Management
The transition from early days booming markets and economic growth in the 1950s to today's highly 
competitive and global marketplace is reflected in the way R&D has been managed. These changes have 
been extensively reviewed (Roussel et ai, 1991; Rothwell, 1994; Amidon, 1996; Miller and Morris, 1999). 
Although not all scholars agree completely on the exact timing of each generation, they do concur in the 
general features of the five generations of R&D-management (table 3.1; next page). A technology-push
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model prevailed in the first generation: scientists made scientific discoveries in corporate labs and handed 
over their results to manufacturing. Some discoveries were subsequently turned into products that could 
be launched in the market. The main managerial challenges were stimulating scientific discoveries and 
choosing the right research location. The second era involved the spread of project management methods 
in the control of R&D-projects. This phenomenon was a result of the increasing size of the R&D- 
organization and growing complexity of R&D-activities. A number of quantitative tools were introduced for 
the purpose of economic evaluation. The position of the R&D-manager began to emerge which involved 
the planning, management and execution of R&D. In a more market-pull orientation, ideas were gathered 
from the market and internal customers for R&D-projects were appointed. The third, company-oriented 
management generation introduced in-house feedback loops and the integration of R&D within corporate 
strategy: the selection of projects became, at least partially, a responsibility of the upper management. 
R&D became increasingly linked to other functions in the firm like marketing. As such, firms were capable 
of conducting R&D in areas where they had manufacturing and marketing competencies, or in new and 
promising areas in which the firm had strategically decided to build competencies (Niosi, 1999).
Table 3.1: Description of five generations of R&D-management (Nobelius, 2004; p. 370)
R&D
Generations
Context/
Company Response
R&D Process Characteristics/ Managerial Approaches
1st generation 
(1950 to mid- 
1960s)
Black hole demand/ 
Corporate research labs
R&D as ivory tower, technology-push oriented, seen as an 
overhead cost, having little or no interaction with the rest of the 
firm or overall strategy. Focus on scientific breakthroughs.
2nd generation 
(mid- 1960s to 
early 1970s)
Market shares battle/ 
Business unit 
development
R&D as business, market-pull oriented, and strategy-driven from 
the business side, all under the umbrella of project management 
and the internal customer concept.
3rd generation 
(mid- 1970s to 
mid- 1980s)
Rationalization efforts/ 
R&D projects
R&D as portfolio, moving away from individual projects view, and 
with linkages to both business and corporate strategies. Evaluating 
long-term technology strategies with risk reward & similar methods
4th generation 
(early 1980s to 
mid- 1990s)
Time-based struggle/ 
Cross-functional 
projects
R&D as integrative activity, learning from and with customers, 
moving away from a product focus to a total concept focus, where 
activities are conducted in parallel by cross-functional teams.
5th generation
(mid-1990s
onwards)
Systems integration/ 
cross-boundary 
alliances
R&D as network, focusing on collaboration within a wider system - 
involving competitors, suppliers, distributors, etc. The ability to 
control product development speed is vital, separating R from D
In the fourth generation -  in contrast to the third era -  information feedback loops did not only take 
place within the firm, but with customers and suppliers as well. The firm's focus shifted from developing 
products to putting the product in a total business concept including, for example, services, distribution, 
and multi-product platforms. Whereas R&D used to originate from inside the firm, the fourth generation
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was characterized by customer-oriented R&D (Park and Kim, 2005). These days, the fifth generation R&D 
management broadens the boundaries for firms' R&D-activities. This 'boundary broadening' takes place in 
the light of the increased global competition, the rapid technological change, and the need to share heavy 
technology investments. As a result, R&D needs to extensively interact with the business environment 
(e.g. competitors, customers, and suppliers), which puts more emphasis in their activities on the ability to 
coordinate and integrate systems from different parties (Nobelius, 2004).
Source of Funding
The aim of each new generation was to increase the number of R&D-projects yielding commercial 
success. As stated, this trend was reflected in the decentralization of R&D that, by its nature, is more 
oriented towards business activities and thus more success oriented. In the smaller and more financially 
operated BU-context, however, it turned out to be difficult to introduce truly long-term oriented projects. 
BU-managers were more risk averse and as a result the time horizon of research shortened (Coombs and 
Richards, 1993). The managers appeared to be no longer interested in research that did not directly help 
to meet performance targets that secured financial bonuses (Hoskinsson et al, 1993). In some firms, the 
recognition of the need to protect longer-term research caused led to new financial structures. While 
initially two 'independent' organizational ways could be discerned -  a centralized (table 3.2; quadrant 1) 
and a decentralized R&D-organization (table 3.2.; quadrant 4) -  new situations were created. Most firms 
tried to find the ideal mix in their allocation of funds to R&D, based on the insights they obtained from 
figures on key factors like the firm's long-term growth objectives and the R&D-expenditure by 
competitors. The firm's R&D-facilities often served as starting point in this process.
Table 3.2: The location and funding of a firm's R&D (Tidd et al., 2001; p. 139)
Location of 
Activities
Source of 
Funding
Corporate
Where important interfaces are with 
general advances in generic science & 
technologies
Business Unit
Where important interfaces are with 
production, customers and suppliers
Corporate
When potential benefits 
are corporate-wide
Quadrant 1 
Scanning external research threats 
and opportunities 
Assimilating and assessing 
discontinuous technologies
Quadrant 2 
Commercializing discontinuous 
technologies 
Exploiting inter BU's synergies (e.g. 
production and materials technologies)
Business Unit
When potential benefits 
are business unit-specific
Quadrant 3 
Exploratory development of 
discontinuous technologies 
Contract research for specific problem­
solving for established BUs
Quadrant 4 
Mainstream product and process 
development 
Incremental product and process 
improvements
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Firms that completely decentralized their R&D-organization introduced a structure in which BU- 
research became to some extent funded by headquarters (table 3.2; quadrant 2). The corporate financial 
resources could, for example, be in the form of an innovation budget for longer-term research (Miller and 
Friesen, 1984). BUs have thus been stimulated to conduct long-term research. Firms that maintained a 
part of their central R&D introduced a new financial structure (i.e. an internal market model) to increase 
the market-responsiveness of the corporate R&D-department. In the formerly employed 'hierarchy based' 
model, central R&D was funded primarily by tax on BUs (Buderi, 2000). Consequently, there was only a 
limited commercial input into R&D-funding decisions, and limited internal and external choice for BUs in 
sourcing technology. Since BUs were paying these taxes, firms considered there was a strong incentive 
for BUs to use the corporate labs. However, the main drawback was that the R&D department became 
isolated from BUs. In the new 'internal market' model, research within the central R&D-department was 
funded by project-based contracts (quadrant 3). In the contracts, BUs could specify exactly what they 
expected to get in return for their funding. Accordingly, a high level of commercial input into R&D-funding 
decisions existed and the BU had considerable internal and external choice in sourcing technology 
(Birkinshaw and Fey, 2000). Several solutions to counteract the potential new short-term orientation were 
introduced like regular meetings about the link between the long-term, central R&D and short-term BUs 
activities (Glass et a/., 2003). Despite the new financial structures (as reflected in quadrant 2 and 3), a 
repeated observation has been that R&D-employees that are qualified and assigned to accomplish long­
term research in firms are very often needed for operational business (EIRMA WG 56 Report, 2004).
R&D-Portfolio Management
Most R&D-activities of firms are generally carried out as projects, which are sometimes clustered 
within a certain research program (Kerssens-van Drongelen and Bilderbeek, 1999). A project can be 
defined as a temporary endeavor, with a specific begin and end date, undertaken to achieve ex ante 
defined goals with an ex ante defined budget (Grit, 2000). In practice, a project covers sizeable clusters 
of activities, or tasks (Roussel et a/., 1991). R&D-managers generally face the problem that they have 
more potential projects to carry out than they have resources (e.g. money, staff) to accomplish them. As 
a result, they have to select the projects that will be started out of a large number proposed (Martino,
1995). Since projects normally widely differ in their characteristics, the selection has to be based, for 
example, on the definition of a project. It is then necessary to clearly state the objective and provide 
information necessary to the project's evaluation. Other characteristics that can be defined and estimated 
for the selection target are the duration of the project, the resources (type and amount) required, and the 
output of the project (Chiesa, 2000). Based on these and other variables of several projects, it should be 
possible for R&D-managers to select the best projects. Next, once a project has started, its feasibility and 
progress can be periodically assessed at milestones or 'gates' (Cooper et a/., 2002) (figure 3.8; next page) 
by all kinds of monitoring tools (Linton et a/., 2002). The stage gate model divides the dynamic process of
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product development into a series of activities (stages) and decision points (gates). Stages are where the 
action occurs. The members of the project team undertake key activities to gather information needed to 
advance the project to the next gate. Each stage costs more money than the preceding one, resulting in 
incremental commitments. As uncertainties decline, expenditures are allowed to rise and risk is managed. 
Next to the discovery stage, five other stages eligible for stage-gate management were identified.
Figure 3.8: Stage Gate Model 
(Cooper et a., 2002; p. 45)
Figure 3.9: Typical risk-reward bubble diagram 
(Cooper et a!., 2001; p. 369)
Determining the composition of the ideal mix of R&D-projects, the so-called R&D-portfolio, is difficult 
because projects cannot always be considered in isolation. Project attractiveness is preferably assessed 
with reference to other running and potential projects in the portfolio as well (Cooper et a/., 1997). This 
assessment might result in that the best project portfolio does not necessarily include all great projects: 
the decision maker may not select them, because they do not fit into the overall program goals (Chien,
2002). A clear insight into the R&D-project portfolio is therefore very important. A typical way of achieving 
this is by displaying the R&D-portfolio using a risk-reward bubble diagram (Cooper et a/., 2001). Each 
project is placed in a diagram in which the net present value (NPV) is plotted against the probability of 
technical success. The resources committed to the projects are reflected by the size of the bubble, so that 
at a glance it can be seen where the money is being spent (figure 3.9). As a result, four quadrants are 
formed: 'pearls' (i.e. both factors high), 'bread and butter' (i.e. high probability, low NPV), 'oysters' (i.e. 
low probability, high NPV), and 'white elephants' (i.e. both factors low). It is evident that a firm has to 
have projects in three -  avoiding white elephants -  quadrants, but the projects should not be equally 
spread (Cooper et a/., 2001). A firm needs to have 'butter and bread'-projects to secure a continuous flow 
of money on the short term, while it should have 'pearls' and some 'oysters' for competitive advantage in 
the long term. Ideally, there is a balance between high-risk, long-term activities and low-risk, short-term 
projects. In chemical firms, however, the balance has shifted towards short-term projects nowadays; this 
results in an underrepresentation of long-term activities (Sherwood and Covin, 2008).
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3.3 Science
The history of chemistry contains many great and famous scientists who all made a valuable contribution 
to the scientific field. Many lists have been drawn up to rank them; however, every attempt leads without 
any doubt to discussion. No wonder: how can anyone make a choice between Jons Berzelius, who worked 
out the modern technique of chemical formula notation, and John Dalton, known for his pioneering work 
on the atomic theory? Or between Dmitri Mendeleyev -  who created the first valid periodic table of the 
elements -  and Marie Curie who received two Nobel Prizes (the first with her husband Pierre Curie and 
Henri Becquerel, and the second for her research on radioactivity and another for her discovery of radium 
and polonium)? Most of these great chemists had the opportunity to work at illustrious universities, 
although in the beginning doing research was not considered a main task of this institute. Created during 
the Middle Ages, the university soon developed its own identity and culture, which did not fundamentally 
change until the 19th century (§ 3.3-1). The old European universities and colleges were created not to 
discover new knowledge, but to preserve and transmit it. The function of knowledge creation in society 
was for a long time mainly accomplished by the lone enlightened scientist, sage or artist, which are typical 
characters of the medieval and Renaissance period (Conceigao et a/., 2000). In that period, chemistry as 
we know it these days did not exist yet. Instead, an area of endeavor called alchemy was popular in 
which, for example, it was tried to find 'the elixir of life' and the 'panacea' (i.e. the appropriate 
combination of ingredients that would cure all illness and diseases) and to convert base metals, notably 
lead, into gold. Over the course of the 18th century, however, alchemy declined, and modern chemistry 
was born. Influenced by Antoine Lavoisier, who with his systematic determination of the weights of 
reagents and products involved in chemical reactions was able to state the first version of 'the Law of 
Conservation of Matter' in 1789, a new scientific discipline arose. Despite this very long history of research 
in chemistry, scientists still daily make discoveries in all kinds of chemical direction (§ 3.3-2).
3.3-1 The University
The university has revealed an extraordinary capacity to survive and flourish throughout the 
centuries. Whereas the characteristics of, for example, firms changed perceptibly in history, the university 
of today still shows remarkable similarities to those of Paris, Bologna or Oxford that were founded in the 
12th and 13th century (Santos et a/., 1998). A closer look, however, reveals that the university has 
underwent two main revolutions: the first academic revolution was the ongoing transition from a teaching 
to a research institute from the mid-19th century onwards and the second is the university's present-day 
mission to contribute to economic and social development (Etzkowitz, 2008). These events are briefly 
reviewed, before the 'entrepreneurial university' -  a result of the second revolution -  is highlighted. The 
last paragraph will demonstrate that this new trend has led to two contradictory theses on the future of 
the university: one foreseeing its end and the other predicting it a central role in society.
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Historical Development
Originally, during the Middle Ages, the university had two functions: on the one hand, teaching public 
servants, priests, lawyers, etcetera, and on the other, scholarship in a variety of disciplines (cf. biblical, 
classical, philosophical, and medical). Over time, as the societal surroundings of the university changed, 
these functions changed as well (Martin and Etzkowitz, 2000). Regarding the teaching function, two 
relatively distinct types emerged, one being to develop the full potential of the individual student, and the 
other to produce trained people with the knowledge and skills that were useful for society, be they 
priests, administrators or physicians. Scholarship also evolved over time with two fairly fundamental 
changes. The first was that scholarship was broadened to include the creation of new knowledge -  in 
other words 'research' -  and the re-analysis of existing knowledge. The recognition of research as a 
fundamental activity of the university, equal in importance to education, signified the first academic 
revolution. In 1809, this principle was first stated by Alexander von Humboldt in the constitution of Berlin 
University, and in the course of time, it was assimilated in almost all universities in developed countries 
(Conceigao eta/., 2000). Secondly, a distinction emerged between two types of research: knowledge 'for 
its own sake' as opposed to knowledge to meet the needs of society. Although throughout the first couple 
of decades after the industrial revolution, the second type of research was (for example in Germany) 
frequently conducted at universities, over time the balance shifted increasingly towards the first. On the 
subject of research, the university slowly turned more and more into an 'ivory tower', designating a world 
where intellectuals engage in pursuits which are, to a large extent, disconnected from the practical 
concerns of everyday life. Around the late 1980s, this traditional position of isolation of the universities 
began to be questioned, and external and internal drivers led to the 2nd academic revolution: next to their 
traditional missions of education and research, universities should adopt a third: contributing to economic 
and social development (Etzkowitz, 1990).
The university is in transformation since it has been facing this mission from the early-1990s onwards. 
There increasingly came up a clear public expectation that academic scientists should address the needs 
of 'users' in the economy and society. At the same time, universities became subject to much more 
explicit accountability for the public funding they received: decades in which governmental parties were 
throwing sacks of money over the fence to scientists within universities, hoping that, at some later stage 
some results might be tossed back that could be exploited by firms to yield economic or social benefits, 
were over (Martin and Etzkowitz, 2000). Modern universities were thus faced with a twofold challenge: on 
the one hand, society presented them with new and growing demands, while on the other, governments 
applied increasingly restrictive policies to their -  often declining (Bercovitz and Feldman, 2006) -  funding 
of their activities. The combination of these factors was reflected in a growing diversity of funding sources 
and mechanisms. In the Netherlands, for example, the first basic -  or 'lump sum' -  flow of funding was 
cut back substantially by the new cabinet (§ 2.2-2). The money was added to the budget of NWO which 
has as part of its mission to facilitate, for the benefit of society, the dissemination of knowledge from the
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results of research it has initiated and simulated. Moreover, the sum of money acquired from outside the 
government or indirectly from the government -  in the Netherlands the so-called 'third flow' of funding -  
has become increasingly important to universities. As a result, mainly in the United States and in Europe, 
universities have become increasingly entrepreneurial (Mowery et a/., 2004; Siegel et a/., 2007). US 
universities -  among others supported by the passage of the Bayh-Dole Act which provided them 
incentives to patent scientific breakthroughs accomplished with federal funding -  have increased their 
'third task' activities along many dimensions: patenting, licensing, investing equity in start-ups, university 
spin-outs, creating incubators, etcetera. Although Europe universities currently lag behind in the efficiency 
of technology transfer, largely due to differing legal systems, policy-makers try to pave the way for a 
more easy accomplishment of these entrepreneurial activities of universities (Göktepe, 2008).
Today's University Entrepreneurship
The third mission implies that universities seek to develop new ways to contribute to economic and 
social development by a closer linking with different partners in their environments (Manjarrés-Henriquez 
et a/., 2008). The mission covers all activities related to the generation, use, application and exploitation 
of the knowledge and other capabilities available at universities outside the academic environments. As a 
result, previously isolated institutional spheres of university, government and industry have become 
increasingly intertwined. This gives rise to entirely new types of science, and to universities that bring 
academic, economic and wider social purposes together in a coherent way (Nowotny et al,  2001). This 
dynamic has led to the appearance of new structures within universities and attracted many scholars to 
become active in the research field of 'university entrepreneurship'. A detailed analysis and synthesis of 
the, at present, fragmented literature was presented by Rothaermel et al. (2007). They identified four 
major streams that emerged during the last decades -  (i) the entrepreneurial research university, (ii) 
productivity of technology transfer offices (TTOs), (iii) new firm creation, and (iv) environmental context 
including networks of innovation -  and integrated the streams into a model. Central to the model is the 
'entrepreneurial university' (Clark, 1998) that generates advances in technology and facilitates its transfer 
process often through intermediaries. The 'entrepreneurial research university' literature, which views 
entrepreneurship as a step in the natural evolution of the university, consists mainly of articles that 
attempt to reveal organizational designs of universities that inhibit or enhance the commercialization of 
university inventions. Next to organizational structures, this literature focuses, for example, on the nature 
of the technology to be commercialized. Research of the 'productivity of technology transfer offices' 
literature has focused on a TTO as the university's intermediary structure that should facilitate technology 
transfer. In this research stream, a university's entrepreneurial activity is considered to be a function of its 
TTO's productivity. Factors like the TTO's system, structure, and staffing were identified as important for 
explaining the productivity. The closely related 'new firm creation' -  a third literature stream -  as a form 
of university's entrepreneurship (e.g. academic spin-off) has received substantial attention as well.
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The last research stream -  environmental context -  emphasizes that university entrepreneurship is a 
result of being embedded in networks of innovation, which are influenced by the larger environment. Next 
to factors like geographical location and the presence of science parks which were identified to have a 
direct influence on university entrepreneurship, a variety of approaches emerged to understand and 
explain the trend in a broader context. These frameworks, which emphasize the interconnectivity and 
relationships of various types of organizations, were reviewed by Hessels and van Lente (2008). Focusing 
on the concept 'Mode 2' (Gibbons et a/., 1994), they identify six alternatives that account for current 
changes in scientific knowledge production and/ or the changing relationship between science and 
society. Beside notions like innovation systems (Edquist, 1997) and academic capitalism (Slaughter and 
Leslie, 1997), the Triple Helix model of Etzkowitz and Leydesdorff (2000) is popular among scholars. The 
basic assumption that industry, university and government are increasingly interdependent implies that 
these partners have to be studied in co-evolution. The tendency towards a knowledge infrastructure in 
which these three spheres increasingly overlap makes that the partners can take each other's forms and 
hybrid organizations emerge at the interfaces. Firms, for example, take on academic roles like sharing 
knowledge with one another and with universities, while universities will to a greater extent accomplish 
commercialization activities. In the Triple Helix literature, research within this thrid mission is referred to 
as 'entrepreneurial science' (Kleinman and Vallas, 2001). Governments will in turn initiate programs that 
facilitate university-industry interactions in order to link such scientific knowledge to commercial 
utilization. In addition they will encourage, through financial incentives and/ or legislation, other 3rd 
mission initiatives at universities like patenting, licensing and the creation of spin-offs. Governments make 
the contribution to economic and social development, next to the traditional university's roles of teaching 
and research, increasingly to a core task of academia (Etzkowitz, 2008). A major question that emerged, 
however, is whether the university is the appropriate entity to transfer and to commercialize knowledge. 
Not because this function is incompatible with that of creating knowledge, but because it involves a cost 
that can be excessive in terms of its research and teaching mission (cf. Florida, 1999).
The Future of the University
Increasingly engaging in closer interactions with industry, the core of the university expands to 
include activities outside the 'ivory tower' with the goal of transforming inventions into innovations for the 
improvement of society and to enhance the university's cash flow and capital endowments. The trend, 
however, has led to two very contradictory theses with regard to what the future holds for the university 
(Martin and Etzkowitz, 2000). On the one hand, scholars of the 'declinist' view argue that it has come 
under serious threat now governments expect the universities to do more useful things and develop more 
useful skills in their students. They expect the university to be forced to make a shift in research agenda 
from basic to applied research -  with potential economic utility -  which is seen as potentially threatening 
the integrity of the university along its long-cherished autonomy (Ziman, 1991; Pelikan, 1992). The highly
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valued and very important culture of 'open science' within universities -  referring to the free exchange 
and dissemination of new ideas among university researchers and students (Cohen et a/., 1998) -  is 
expected to suffer from closer interaction with industry as well. Within the academic world, the open 
nature of the scientific process is responsible for much of its success: the development of new knowledge 
flourishes because researchers, on the one hand, build upon, and on the other, professionally review and 
criticize each other's results. Firms, however, will probably prefer in most cases to keep new research 
findings secret as long as possible to overcome competitors to benefit. If universities have to take account 
of such disclosure restrictions, results are prevented from entering the public domain which may lead to 
wasteful work duplication of research efforts ('reinventing the wheel") and threatens the efficient, 
cumulative pushing out of scientific frontiers (Florida, 1999). Another threat is the balance between 
research and teaching. As the pressures build up on academics to teach more students, to teach them 
more efficiently, and to provide them with specific skills required by the economy and society, this may 
have adverse consequences for research. Conversely, pressures to conduct research (often linked to 
national priorities, whether economic or social) and to publish (because the university is subject to a 
research assessment exercise) may result in less emphasis being given to teaching.
The optimistic thesis is based on the fact that the world is moving into a knowledge-based economy 
(§ 2.1-3). In this changing environment, where knowledge and knowledge workers are bound to play a 
central role in innovation and production, universities may even grow to be more powerful. As the primary 
source of new knowledge and skills, universities could become the central 'engine' of this knowledge 
economy (Martin and Etzkowitz, 2000). Students, being a continuous flow of human capital, will represent 
a crucial competitive advantage of universities as economic actors in a knowledge-based society. 
Moreover, the increasing demands for 'lifelong learning' initiatives -  continuously upgrading of knowledge 
and skills is considered to be crucial to remain competitive -  offer universities interesting opportunities. As 
a result, universities and academic researchers are expected to face a flourishing future rather than being 
under threat and loosing their autonomy (Kleinman and Vallas, 2001). With society and policy-makers 
becoming increasingly favourable towards university entrepreneurship, successful universities should 
manage to combine academic excellence with industrial contacts and entrepreneurial contributions, 
instead of making it a question of either-or (van Looy et a/., 2004). One of the main challenges is then to 
preserve the benefits of industrial ties while minimizing the most significant cost, that is, the imposition of 
disclosure restrictions. A solution is, for example, to postpone the disclosure of research findings for a 
particular period of time, but with the guarantee that directly after expiring of that period the research 
findings can be published in scientific literature. If it turns out to be possible to formulate such strong 
guidelines for research disclosure during the negotiations between universities and firms, collaboration 
can be supposed not to harm the important culture of 'open science'. Moreover, since the university has 
demonstrated to be a very adaptable institute throughout its history, optimists expect it to survive this 
new academic revolution without problems (Martin and Etzkowitz, 2000; Shane, 2003).
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3.3-2 Trends in Polymer Research
The year 2011 -  the 100th anniversary of both the awarding of the Nobel Prize in chemistry to Marie 
Curie and the founding of the International Association of Chemical Societies (IACS) which was succeeded 
by the International Union of Pure and Applied Chemistry (IUPAC) in 1919 -  has been proclaimed as the 
International Year of Chemistry. In this year, the achievements of chemistry and its contributions to the 
well-being of humankind will be celebrated. In addition, the planned activities intend to (i) generate 
enthusiasm for the creative future of chemistry, and to increase (ii) the public appreciation of chemistry in 
meeting world needs and (iii) the interest of young people in chemistry. All three goals are very important 
in order to keep chemistry a vibrant and strong scientific discipline. An exciting discipline is necessary to 
attract new chemists that can help to develop the polymer science; a field that is crucial for producing 
new devices, for developing nano-sized medicines, and the creation of new and smart materials.
Light Emitting Diodes
Although there are many examples of developments at the interface between chemistry and physics, 
electro-optic applications like liquid crystal displays and organic light-emitting diodes (OLEDs) are 
probably amongst the most prominent. Especially the latter field of research has received considerable 
attention in recent years due to the many excellent properties that make OLEDs applicable for a wide 
range of display and lighting markets (Nie and Kumacheva, 2008). OLED displays, for example, offer more 
contrast and larger viewing angles, are brighter and consume less power than LCDs. OLEDs can be made 
from both small molecules and polymers which have electroluminescent -  materials that emit light when 
excited by an electric current (Armstrong eta/., 2001) -  properties. Small molecule OLEDs can be used for 
the small-sized displays of, for example, cameras and mobile phones. Their production, however, requires 
vacuum deposition which makes the process expensive. In addition, since this is typically carried out on 
glass substrates due to the need for high temperatures, these displays are not flexible (Hildner, 2005). 
With more and more information being exchanged through electronic media, however, consumers are 
looking for convenient and portable devices; requirements that are to be realized with flexible displays. 
Light-emitting polymers are very promising materials for this application. For processing no high 
temperature and vacuum are required, and since the material is soluble in common organic solvents, it 
can be applied onto another polymer substrate by a relatively simple technique like ink-jet printing (Cheng 
and Wagner, 2009). With such a relatively low temperature method, the substrates can be made more 
flexible while keeping the production costs low. As a result, light-emitting polymers are suitable for mass 
production via roll-to-roll processes and an excellent choice for flexible displays in applications such as 
electronic books and portable computers (Borchardt, 2004). However, the lifetime of these conjugated 
polymers systems are still not comparable to those of small molecule OLEDs. The key challenge is oxygen 
and moisture sensitivity; degradation of the polymer through processes like oxidation makes it lose its 
light-emitting properties. To reach full industrial impact, further research is needed (Choi et a/., 2008).
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Nanosized Medicines
Research at the interface of polymer chemistry and the biomedical sciences has given rise to the first 
nano-sized (5-100 nm) polymer-based pharmaceuticals, the 'polymer therapeutics' (Vicent and Duncan, 
2006). Whereas the use of polymers in biomedical materials applications -  for example, as prostheses, 
medical devices, soft contact lenses, dental materials and pharmaceutical excipients -  is long established, 
there has recently been explosive development of polymer-based medicines (Sumer and Gao, 2008). The 
umbrella term 'polymer therapeutics' was coined to describe polymers used as either polymeric drugs 
(typically natural polymers extracted from plants, animals and/ or seaweed) or as components of 
polymer-drug conjugates, polymer-protein conjugates, and polymeric micelles to which a drug is 
covalently bound. In the case of use as a component, a specific water-soluble polymer is tailored to act as 
an inert functional part of a multi-faceted construct (Duncan et a/., 2006). Unlike biodegradable polymeric 
implants that were used as subcutaneous depots for sustained or local drug release (e.g. made of 
poly(lactic acid) or poly(lactide-co-glycolide) (Jain, 2000)), these water-soluble therapeutic polymer-based 
conjugates are designed for parenteral administration. These conjugates can often in the treatment of 
disseminated metastatic disease. For such a purpose, the choice of an appropriate water-soluble polymer 
is crucial in order to overcome the lack of effective delivery systems for existing medicines. Modern 
polymer chemistry is producing increasingly complex polymer structures, including multivalent polymers, 
branched polymers, graft polymers, dendrimers, dendronized polymers, block polymers, stars and hybrid 
glycol- and peptide derivates (Duncan, 2003). Their potential advantages, a more defined chemical 
composition, tailored surface multi-valency (i.e. simultaneous interaction between multiple functionalities 
on one entity and complementary functionalities on another) and the creation of defined 3D-architecture 
within a synthetic water-soluble macromolecule, might offer improved opportunities for biorecognition, 
and thus an increase in effectiveness of drug delivery. One or more of these structures will undoubtedly 
lead to the development of the polymer therapeutics of the future (Satchi-Fainaro et al., 2006).
Polymer Nanocomposites
The use of organic and inorganic filler is widely applied in polymer nowadays. Both thermoplastic and 
thermoset polymers are filled with reinforcements elements to augment various chemical, mechanical, 
and thermal properties (Dubois and Alexandre, 2006). A composite material that is formed after filling of 
the polymer could exhibit, for example, a higher barrier resistance to diffusion of solvents and chemicals, 
increased tensile strength and fracture toughness, and/ or better dimensional stability against thermal 
fluctuations (Jana and Jain, 2001). In the last two decades, there has been a strong emphasis on the 
development of polymer composites with nano-sized reinforcing elements. The transition from micro-sized 
to nano-sized fillers already resulted in large improvements in properties of both specialty and commodity 
polymers. Some traditional commodity polymers like PE and PP have, for example, been transformed into 
more high-performance materials (Sumino et a/., 2006), while several high-performance polymers, in
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turn, obtained increased barrier resistance to attacks by solvents and chemicals. Considerably facilitated 
by advances in scanning probe and tunneling microscopy which increasingly enable scientists to see the 
nature of the surface structure with atomic resolution, many nano-sized materials are researched as filler 
currently (Hussain et a/., 2006). Typical candidates -  which are generally classified by their geometries - 
include silicate clay minerals and graphite (particle reinforcing agents), organosilicates (layered), and like 
nanofibers and carbon nanotubes (fibrous). Particularly carbon nanotubes -  graphitic sheets rolled into 
seamless tubes with diameters ranging from about a nanometer to tens of nanometers with lengths up to 
centimeters -  have received much attention due to their interesting properties (Breuer and Sundararaj, 
2004). Since their discovery by Iiljima in 1991, significant effort has been devoted to incorporate them 
into polymers for improved strength and stiffness, but also for electric and thermal conductivity. In order 
to realize the potential of these promising reinforcing agent and reach industrial successes, however, a lot 
of research still remains to be done (Moniruzzaman and Winey, 2006).
Self Healing Materials
Polymer coatings -  a thin polymeric layer covering another material, a so-called substrate -  are used 
for a variety of surfaces (e.g. wood, paper, plastic, and metal) to provide decoration or protection. While 
the latter function is in close interplay with the substrate that has to be sealed off from external influences 
(e.g. light, humidity, chemicals), the decorative function is largely dominated by the appearance of the 
coating layer itself covering aspects like transparency, cleanability, and color perception (van Benthem et 
a., 2007). Proper functioning, however, is threatened by defects that might appear in a coating due to, 
scratches, cracks and the like. The development of an opening through which harmful substances are able 
to penetrate can bring about failure of the substrate and reduce its lifetime. As a result, early sensing, 
diagnosis and repair of such defects are necessary. A promising trend in this context is the development 
of self healing materials (Kessler, 2007). These polymer coatings are designed to sense, when damaged, 
the failure and respond in an autonomous way to repair the scratch or crack. By means of an ability to 
reflow after serious damage and then directly to become solid, these coatings should be able to protect 
the substrate from (additional) damage. As such, these materials are expected to contribute greatly to the 
safety and durability of the coated system without the high costs of active monitoring or external repair 
(Wu et a/., 2008). Current research on these smart materials can be divided in two categories: (i) intrinsic 
self-healing coatings that are able to heal cracks through chemical or physical reactions of the polymers 
themselves, and (ii) extrinsic ones in which healing agents are pre-embedded, for example, in breakable 
capsules (Yuan et a/., 2008). In order to achieve the desired properties, the formulation of the coating 
has to be carefully chosen: next to the interactions needed for the self healing function, interactions 
between the coating's components -  binder, filler, solvent, pigment and additives -  and between the 
coating and substrate have to be taken into account as well. Although more and more scientists and firms 
have become interested in the topic, research in this field is still in the infancy stage (Ghosh, 2009).
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3.4 Conclusions and Outlook
Over time, the view on the innovation process has evolved. Whereas one of the first attempts to impose 
some sort of conceptual order on the process resulted in the linear model of innovation -  depicting 
innovation as smooth and well-behaved process -  later models emphasized the complex and variegated 
characteristics. With the changes in innovation models, the view on the role of scientific institutes in the 
process changed as well: from being only involved in the basic research phase to conduct fundamental 
research, scientific institutes are nowadays, according to the chain-linked model of industrial innovation, 
considered to be valuable throughout the whole process of innovation. This use of science can occur in 
two different ways: a firm can ask a scientific institute to create new knowledge by conducting research, 
or it can consult the stock of existing knowledge at those institutes. However, before a firm approaches 
an external partner, it will initially try to obtain the required knowledge by means of its own knowledge 
base and existing research capabilities. In the chemical industry, a corporate R&D-department played an 
important role in this process. A central R&D-laboratory was the dominant feature in the innovation 
landscape for most of the 20th century, but science-based firms deemphasized this central facility in favor 
of BU-laboratories from the late 1980s onwards. The resultant shift towards short-term development was 
attempted to be counteracted as much as possible by means of all kinds of management tools. A decline 
of long-term research activities, however, was not really perceived as an urgent problem by firms. After 
all, with an university that increasingly lost its 'ivory tower' image and gained a more entrepreneurial 
attitude, a perfect situation for the transfer of research results by intensive industry-science collaboration, 
i.e. a landscape full of governmental initiatives and scientific opportunities, appeared to be present.
The Loss o f Corporate Research: Detrimental for Industry-Science Knowledge Transfer
After corporate research labs (CRL) had been significantly downsized or closed down in chemical 
firms, R&D was largely done in business units. These business units, however, had short-term profit 
responsibilities and therefore favored R&D that sought to exploit highly related technological 
competencies and market intimacy. Even though a number of R&D-management tools were developed to 
counteract this short-term orientation, a situation arose in which BUs continued to commercialize their 
existing stock of technology. BUs failed to develop and left no room for the inflow of new knowledge for 
future innovations. With the demise of the pool of new knowledge, however, chemical firms became more 
like a production line for quick commercialization of sure technologies which resulted in incremental 
innovations. As a result, firms started to compete on product portfolio optimization and service-level 
distinction rather than on true innovation. With new competitors from Asia and the Middle East, this 
approach is deemed to be no longer sufficient to survive: chemical firms have to innovate again! 
Collaboration with scientific institutes -  a key pillar for innovation -  has to occur, however, without the 
'gateway' for knowledge to enter the firm that a CRL used to form. The question therefore arises: how?
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Chapter 4
Conceptual Framework:
Industry-Science Collaboration 
for
Knowledge Transfer
In this fourth chapter the conceptual framework is developed. Based on the insights gained from chapter 
2 & 3, an exploration o f models for collaboration and knowledge transfer, and a review o f barriers that 
have already been identified, a direction for the empirical research is chosen. Subsequently, the elements 
of the conceptual framework are explored and directions for the research design revealed.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
With universities full of interesting scientific developments and an increasingly entrepreneurial mindset, a 
government that is in favor of -  and accordingly sets up all kinds of initiatives to facilitate -  collaboration, 
commercialization of the scientific knowledge by chemical firms involved in polymers seemed to be only a 
question of time. In practice, however, numerous attempts of industry-science collaboration turn out to 
be unsuccessful. In the year 2009, the so-called innovation paradox still receives considerable attention in 
the Netherlands. In a joint report of four important advisory boards19 for the Dutch government on social- 
economic and environmental matters the existence of a Dutch knowledge paradox was again brought up. 
In order to cope with this issue, a deeper insight into industry-science collaboration is essential. However, 
before determining the research direction (§ 4.2), at first the complex phenomenon will be delineated (§
4.1). The chapter ends with a summary and outlook for the empirical part of the study (§ 4.3).
4.1 Industry-Science Collaboration and Knowledge Transfer
The interest in industry-science collaboration has a long history: only a couple of decades after the actual 
foundation of the chemical industry, in Germany already an evolution of a nationwide system of scientific 
research and academic-industrial relations was witnessed (Hounshell, 1996). One of the key elements of 
the German system was industrial sponsorship of research in universities. The directors of chemical firms 
believed that the interests of their firms and those of professors were mutual. Therefore, they invested, 
sometimes on an exclusive basis, in individual professors and their students. For those investments, the 
firms gained access to new scientific knowledge and were able to recruit high-potential graduates for their 
product development and testing laboratories. The professors, in turn, gained access to impossible-to-get 
industrial or expensive materials, chemicals, and instruments. In addition, they had a sound grasp of new 
developments in the industry which enabled them to take up new trends. While over time, this interaction 
diminished as industry and academia slowly wedged apart, nowadays there is renewed attention for the 
topic. More than that, industry-science collaboration is even considered to be of great importance to keep 
the European chemical industry vibrant and strong. With classical levers for reducing costs and improving 
efficiency largely exhausted, firms have realized that they should get a hold of new knowledge, which is 
believed to be the main source of competitive advantage these days. The processes of industry-science 
collaboration and knowledge transfer, however, appeared to be not as straightforward as they seemed at 
first glance. Accordingly, in order to frame the phenomenon, several theoretical models are assessed (§
4.1-1). Subsequently, the main barriers to industry-science collaboration that have already been identified 
in literature are reviewed (§ 4.1-2).
19 The report 'Monitor Duurzaam Nederland 2009' was a joint project of the Netherlands Bureau for Economic Policy 
Analysis (CPB), Statistics Netherlands (CBS), the Netherlands Institute for Social Research (SCP), and the Netherlands 
Environmental Assessment Agency (PBL).
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4.1-1 Theoretical Models
In general, collaboration is recognized today as an important factor in supplementing the internal 
innovative activities of firms. As a result, collaboration has as such been an ongoing subject of multiple 
literature streams. Nevertheless, despite all efforts, scholars agree that none of the existing discipline- 
based theories adequately explains why collaboration arises or how it develops and operates. In other 
words: a general theory of collaboration is still lacking. Moreover, most studies concerning collaboration 
and knowledge transfer have focused on intra- and interfirm (i.e. within and between firms respectively) 
contexts, while for an 'industry-science' setting different dynamics are expected. This section does not 
intend to provide such general theory of collaboration or to translate all findings to an industry-science 
context; rather it seeks to provide, based on overviews of existing literature, insights that are needed to 
build a comprehensive conceptual model to study industry-science collaboration.
Collaboration Theories
Research on collaboration is often subsumed in the studies on interorganizational relations, which 
have been the subject of rich theoretical and empirical study by multiple disciplines for decades (Austin,
1998). It received, for example, attention from disciplines like economics, sociology, and political science, 
as well as from organizational behavior, organization theory and strategic management literature (Smith 
et a/., 1995). Moreover, depending on the specific issue addressed, research related to interorganizational 
relations ranged across three levels of analysis: the organizational level, the interorganizational dyad level, 
and the interorganizational network level (Wang and Xiang, 2007). This wide variety, however, directly 
points to a difficulty in interpreting the theory and research on this subject. Over time, scholars have 
offered many definitions for interorganizational relations, such as cooperation and collaboration; however, 
they did not much attempt to reference other usages of the terms. As a result, despite the emphasis on 
collaboration for the past couple of decades (Elliot, 2001), still there is a lack of consensus as to its 
definition (Jenni and Mauriel, 2004). Because it is used to describe so many kinds of relationships and 
activities, the term is not well understood. It suffers thus not from a lack of meaning, but from too much 
meaning! In addition, it is often, for example, used interchangeably with cooperation as if differences 
between them are irrelevant. Himmelman (1997) tried to clarify this matter by carefully defining the 
usage of collaboration. His definition of collaboration builds upon three other commonly used terms -  
networking, coordinating, and cooperating -  which all describe working together to some end (table 4.1; 
next page). A hierarchy of interorganizational relations was as a result developed in which collaboration -  
defined as exchanging information, altering activities, sharing resources, and enhancing the capacity of 
another for mutual benefit and to achieve a common purpose -  represents the most intensive type. In 
Himmelman's definition, collaborating is a relationship in which each partner wants to help its counterpart 
to become the best they can be at what they do. In contrast to cooperating, there is a willingness to 
enhance each other's capacity for mutual benefit and a common purpose.
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Table 4.1: Matrix of strategies for working together (Himmelman, 2001; p. 5)
Partnership
type
Aspect
Networking Coordinating Cooperating Collaborating
Definition
Exchanging 
information for 
mutual benefit
+ and altering 
activities to achieve 
a common purpose
+ sharing resources 
[to achieve a 
common purpose]
+ enhancing the 
capacity of another 
[to achieve a 
common purpose]
Relationship Informal Formal Formal Formal
Characteristics
Minimal time 
commitments, 
limited levels of 
trust, and no need 
to share turf
Moderate time 
commitments, 
moderate levels of 
trust, and no need to 
share turf
Substantial time 
commitments, high 
level of trust, and 
significant access to 
each other's turf
Extensive time 
commitments, very 
high levels of trust 
and extensive areas 
of common turf
Primary focus
Information
exchange
Making access to 
services or resources 
more user-friendly
Sharing of resources 
to achieve a common 
purpose
Enhancing each 
other's capacity to 
achieve a common 
purpose
Resources
No mutual sharing 
of resources 
necessary
No or minimal 
mutual sharing of 
resources necessary
Moderate to 
extensive mutual 
sharing of resources 
and some sharing of 
risks, responsibilities, 
and rewards
Full sharing of 
resources, and full 
sharing of risks, 
responsibilities, and 
awards
The need for a definition of the phenomenon is high in order "to encompass all observable forms and 
exclude irrelevant issues" (Wood and Gray, 1991; p. 143). In addition, a definition can function as starting 
point for theory building activities. Such a theory could provide a common language and framework for 
those seeking to better understand the phenomenon. Despite several attempts to build a general theory 
for collaboration, a repeated observation has been that no such consolidated framework exists (Wood and 
Gray, 1991; Armistead and Pettigrew, 2004; Thomson et a/., 2009). On the other hand, it has been tried 
to clarify collaboration by applying and extending existing theoretical perspectives. Each of them provided 
an alternative viewpoint of the interorganizational relation and contributes a valuable framework for the 
analysis of the phenomenon. An early attempt to extend existing theories was made by Gray and Wood 
(1991), discussing six -  resource dependence, corporate social performance, institutional order, political, 
strategic management, and microeconomics -  perspectives. Recently, another overview was presented by 
Wang and Xiang (2007), who included strengths and weaknesses of four theories (table 4.2; next page).
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Table 4.2: Major theoretical perspectives related to interorganizational relations (Wang and Xiang, 2007; p. 77)
Aspect
Theory
Analysis Level & 
Key Authors
Main Concepts Strengths Weaknesses
Resource
dependency
Organization or dyad
Aldrich (1979); 
Oliver (1988); 
Pfeffer and Satancik 
(1978)
To manage power, 
dependency and 
uncertainty; to 
search for resources 
and capabilities; 
high stakes and high 
interdependence as 
preconditions
Useful for explaining 
how and why 
organizations act to 
protect a commons, 
or to enhance 
collective interests
Can not address 
process well; 
neglects important 
of the remaining 
exchange 
relationships
Transaction cost
Organization or dyad
Williamson (1985); 
Pisano and Teece 
(1987); 
Hennart (1988)
To minimize 
transaction costs
The relationship is 
highly focused and 
boundary is clear
Can not address 
process well; focus 
on a single party 
analysis of cost 
minimization; 
neglects joint value 
maximization
Strategic
management
Organization or dyad
Competitive Force 
Porter (1985;
Dynamic Capabilities 
Prahalad and Hamel 
(1990)
Strategic Alliances 
Gulati (1998)
To search for
competitive
advantages
Instrumental and 
rational aspects of 
alliance and network 
formation are 
powerful 
explanations for 
interorganizational 
relations; good 
explanations for 
motivational aspects 
of strategic alliances
Can not address the 
process well; treats 
the focal
organization as the 
center of theoretical 
attention and 
principal actor; no 
account of 
commons-protective 
behaviors, power 
sharing, or other 
phenomena found in 
collaboration
Networking
Dyad or networks
Granovetter (1985), 
Wasserman and 
Faust (1994);
Pro van and MiHward 
(1995
Network structure 
and governance
Focus on relational 
systems;
interdependence of 
actors and their 
actions
Too much attention 
to the structure of 
ties; difficult to 
identify boundaries; 
uncertainty of 
developmental 
process
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Although their overview leaves out many other theoretical perspectives, both economic (cf. industrial 
organization) and managerial/ organizational (cf. game theory) that have been discussed in relation to 
collaboration (Child et a/., 2005), it does give an insight into some important issues. It points out, for 
example, that only the networking perspective is able to address the process of collaboration well, but at 
the same time misses the ability to focus on a single firm's attributes (Keast and Brown, 2005). The other 
perspectives, on the contrary, primarily emphasize the question why firms enter into collaboration and 
what the results of such relationships are to the partners (Hagedoorn et a/., 2000). Where the transaction 
cost theory explains collaboration in terms of firms trying to minimize their transactions costs, strategic 
management literature covers several approaches -  varying from competitive force (Porter, 1985) to 
dynamic capabilities (Prahalad and Hamel, 1990) to strategic alliances (Gulati, 1998) -  that emphasize the 
instrumental and rational aspects (e.g. motivation) of the relationship formation process. The resource 
dependence theory posits the view that firms are dependent on partners to acquire the needed resources 
to effectively achieve their individual goals, but at the same time highlights the desire of firms to minimize 
their interorganizational dependencies in order to preserve their autonomy (Fyall et a/., 2000).
Nevertheless, although the above menu of theoretical perspectives has wide applicability, it is unlikely 
that any single theory can fully explain the complexities of collaboration (Gray and Wood, 1991; Smith et 
a/., 1995; Wang and Xiang, 2007). It is thus necessary to apply a multi-theoretical perspective in order to 
provide a comprehensive theoretical framework for understanding the nature and dynamics of any form 
of collaboration. A fundamental building block for such a development is the use of a process model which 
employs three constructs to describe the nature of collaboration (figure 4.1): the immediate preconditions 
(or antecedents), the process through which collaboration occurs, and the outcomes (or consequences) of 
collaboration (Wood and Gray, 1991; Lawrence et a/., 1999).
Figure 4.1: A general collaboration model (Wood and Gray, 1991; p. 144)
The preconditions construct is concerned with the conditions and resources (e.g. financial budget, staff, 
and equipment) that facilitate collaboration and motivate the stakeholders to participate. The process 
construct describes and captures the actual dynamics of the collaboration. The construct covers, for 
example, themes like the stages of collaboration (Fraser et a/., 2003), the organizational arrangements 
(Chiesa and Manzini, 1998), and the coordination procedures (Bonaccorsi and Piccaluga, 1994). The 
process construct, however, also encompasses subjects like the conflict resolution procedures (Oliver, 
1990), the politics of collaboration (Hardy and Phillips, 1998), and the emotional aspects of collaboration 
(McAllister, 1995). The outcomes construct delineates the results of a particular collaboration.
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The Knowledge Transfer Model
With increasing competitive pressures, firms are nowadays in a position where they have neither the 
time nor the resources to internally develop the technological knowledge that is needed for innovations 
that can secure competitive success in the long run (Swan and Allred, 2003; Sherwood and Covin, 2008). 
The complex reality of today's innovations, in combination with the decline of corporate research labs in 
chemical firms, even implies that the input of technological knowledge can be required in every phase of 
any type of innovation. Scientific institutes are generally considered nowadays to be appropriate sources 
of such technological knowledge. However, before a firm can benefit from the knowledge and research 
capacity available at scientific institutes, however, the knowledge first needs to be transferred. Industry- 
science collaboration is therefore predominantly initiated and organized as a means to enable knowledge 
transfer. In literature, the transfer of knowledge is often described as the transmission of a message from 
a source to the recipient in a given context (Szulanski, 1996). The principle underlying this conception 
derived from the mathematical theory of communication (Shannon and Weaver, 1949), Schramm's (1971) 
theory of mass communication, and Berlo's (1960) communication model. Although these theories differ 
in their exact terminology, they agree that a knowledge transfer model should cover four basic elements: 
a sender, a receiver, a channel, and a message (figure 4.2).
MESSAGE CHANNEL
RECEIVER
KNOWLEDGE FLOW
Figure 4.2: The knowledge transfer model
Within this perspective, the sender corresponds to the knowledge source involved in transferring the 
knowledge. It produces a message or sequence of messages, to be communicated to the receiver and 
operates on the message in some way to make it suitable for transmission over the channel. The receiver, 
commonly referred to as knowledge recipient, is the knowledge transfer destination or the entity which 
receives and internalizes the knowledge content. The channel is merely the medium, such as face-to-face, 
phone or computer, that used to transfer the message, which, in turn, corresponds to the knowledge 
content that is being transferred (Joshi et a/., 2007). The importance of the (organizational) context in 
which the knowledge transfer process is embedded was discussed by Szulanski (1996). This context is in 
general seen as the fifth element of the knowledge transfer model these days. Szulanski (1996) argued
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that characteristics of the context in which knowledge is being exchanged may have an impact on the 
start and evolution of knowledge transfer: "Like a plant, a transfer that unfolds fully in one context may 
grow poorly in another or stagnate in a third" (Szulanski, 1996; p. 31). Next to formal structures and 
systems (Burgelman, 1983), behaviour-framing attributes like trust and support (Ghoshal and Bartlett, 
1994) and the presence of a long-term orientation (De Long and Fahey, 2000) have been mentioned as 
elements that are a part of the organizational context. However, even though it remains unclear which 
elements an organizational context exactly encompasses, on a more aggregate level the difference 
between a 'barren' and 'fertile' context can be noticed by the ability and willingness of both the sender 
and receiver to complete transfer-related tasks (Szulanski, 2000).
Although the knowledge transfer model is functional to frame knowledge transfer, several critiques 
and extensions have been developed (Berends, 2003). Since Shannon and Weaver's basic theory of 
communication was developed to understand electronic communication, the message was equated with 
an electric signal which was assumed to be communicated without any problems. Despite the fact that 
they did introduce a concept of noise (i.e. factors that could distort the transfer of a signal), it was only 
later that the role of noise in human-human communication was emphasized (cf. Berlo, 1960; Schramm, 
1971). It was argued that all communication is inherently complicated and problematic, and by no means 
an instantaneous and costless act (Rogers, 1994). Three other crucial issues are underexposed in the 
knowledge transfer model. First, the model does not consider knowledge transfer to consist of several 
phases. Hansen (1999) discerned two phases: searching (i.e. comprising 'looking for' and 'identifying") 
and transferring (i.e. including 'moving' and 'incorporating') the knowledge content. A second issue is the 
importance of meaning and interpretation during knowledge transfer. Shannon and Weaver (1949) 
discussed the coding and decoding of messages, but referred to the transformation of electrical pulses. 
Their concept did not concern the meaning of messages and thus did not address that a receiver needs to 
reconstruct the meaning of a message (Reddy, 1979). In this realm, the importance of shared conceptual 
schemes or the capability to translate one conceptual scheme into another was demonstrated in literature 
(Tushman, 1977). Finally, the knowledge transfer model fails to account for the two-sided nature of 
communication (Rogers and Kincaid, 1981). Meijers and Kroes (2002) argued that this nature cannot be 
captured by applying a 'one-way' communication reciprocally. A dialogical communication needs shared 
intentions to communicate and yields a mutual understanding in a way that is not captured by the basic 
knowledge transfer model. Meijers and Kroes therefore state that it would more appropriate to speak of, 
for example, of collaborative partners than of a sender and a receiver.
Improvements in Knowledge Transfer
The knowledge transfer model offered, despite the critiques and extensions suggested, a convenient 
underpinning for a theoretical endeavour on how knowledge transfer could be improved. In a review 
article, Argote e t  al. (2003) provided an integrative framework to organize the literature on knowledge
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management. It was identified where research findings converge and gaps in current understandings 
exist. Argote et al referred to emerging literature which demonstrated that the outcomes of knowledge 
management activities (i.e. knowledge transfer, creation, and retention) are predicted by the 'fit' between 
the components of the context in which the activity occurs; three 'context components' were discerned:
(i) the collaborating units, (ii) the knowledge involved, and (iii) the relationship. The concept of 'fit' has 
recurred in many management theories (Burton et a/., 2002). The related contingency theory flourished 
for the first time in the 1960s and 1970s. It broke up with the concept that there is 'a single best way' of 
structuring an organization, which had been the dominant notion in classical management theories. The 
contingency theory stressed the influence of environmental factors on the structure of an organization 
(Burns and Stalker, 1961). Rather than stating there is a right and a wrong way to design an organization, 
the theory argues that the design is contingent on the organization's situation, both internally (i.e. which 
type of work is performed?) and externally (i.e. what environmental conditions face the organization?). 
The contingency theory was broadened over time and simplified to become a theoretical approach to 
study the relation between an organization and its internal and external contingencies (Boer, 2005). 
Regarding the external contingencies, factors were studied like the firm's position in the market, national 
and institutional cultures, and the uncertainty and complexity of the firm's environment. Research on the 
internal contingencies resulted in factors such as the age of an organization, its size and strategy.
A contingency approach is also increasingly applied in research on knowledge management activities. 
In line with core notion of 'fit', results illustrated that the outcomes of such activities are predicted by the 
fit between the three components of the context in which the activity takes place. Argote e t al. refer to 
the research of Uzzi and Lancaster (2003), Das (2003), and Sorenson (2003), before they make a similar 
argument for knowledge transfer. Rather than assuming that there is one best way, the authors argue 
that knowledge transfer is most effective in the case of a 'fit' between the collaborating units, the 
knowledge involved, and the relationship. The work of Argote e t al. (2003) stops, however, at theorizing: 
a knowledge gap for the specific knowledge transfer subject was identified. Argote et al therefore 
conclude that research should focus on the exploration of the properties of the context's components to 
be able to specify a priori when the three components fit each other and when they do not. In addition, 
more research was believed to be needed on the concrete mechanisms by which knowledge transfer 
outcomes are affected by the properties of the three components. Many studies have followed up on this 
research direction, but they mainly concentrate on intra- and interfirm knowledge transfer. In the light of 
industry-science knowledge transfer, the statement should be translated to a 'fit' (discussed in § 5.5) 
between the properties of the university, the firm, the knowledge involved, and the relationship (/transfer 
channel) applied during collaboration. Until now, however, only very few studies explored the relation 
between context components in the case of industry-science collaboration. Most studies focus on one 
element, or try to identify the barriers to such collaboration by examining differences between both 
partners. The studies yielded a wealth of dissimilarities in both organizational and cultural aspects.
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4.1-2 Barriers to Knowledge Transfer during Industry-Science Collaboration
With industry-science collaboration and corresponding knowledge transfer processes intensifying all 
over the world, considerable attention is being paid to the subject. Even though collaboration has almost 
become a 'must' for both parties -  universities need to show their societal contribution to raise funds and 
firms have to obtain fundamental research results for their long-term competitive advantage -  and is 
facilitated by government, it is fundamentally a marriage against nature. After all, where firms want short­
term results and appropriation of the profits, universities and their researchers are generally curiosity- 
driven and consider their discoveries to be a public good. To summarize the literature on industry-science 
collaboration addressing problems and potential solutions, it is convenient to use the basic elements of 
the knowledge transfer model (p. 73). The most important barriers as they have been identified by other 
scholars are therefore discussed using the classification: (i) the sender, (ii) the receiver, (iii) the message, 
(iv) the transfer channel, and (v) the context. For the context, four barriers are discussed.
The Sender: Scientific Institutes
In case of the universities, three related issues -  a lack of a culture for entrepreneurship (Franklin et 
a!., 2001), of a proper reward system (Siegel et a!., 2003), and of motivation (Dooley and Kirk, 2007) -  
have received attention as representing potential barriers to industry-science collaboration. From time 
immemorial, academics lacked an entrepreneurial spirit in the sense of the commercialization of scientific 
research results as this was considered to be outside their scope. Researchers often stopped at the 'proof 
of the principle' stage: those with an entrepreneurial orientation were mostly regarded as being the odd 
man out (Florida, 1999). Accordingly, commercialization activities used to be initiated and run by only a 
few dedicated and highly motivated persons (Rasmussen et a/., 2006). They, however, often encountered 
the difficulty that their networks did contain redundant scientific links, but lacked the connections needed 
for successful commercialization activities (Wright et a/., 2005). Moreover, these entrepreneurial scientists 
did not receive any support from the scientific reward system. The incentives within the university 
continued to value traditional types of activity (e.g. publication in peer reviewed journal) over activities 
related to entrepreneurship (Jacobsen et a/., 2004). Academics have thus usually been more interested in 
publishing their results, presenting them at conferences, and continuing in the academic research race 
(Prodan et a/., 2006). In recent times, however, universities have increasingly conformed to a new role: 
contributing to economic and social development (§ 3.3). More and more academics have started to 
engage in activities aimed at the so-called valorization of their results. By means of patents, licenses, and 
in some cases even the start of academic spin-off firms, the output of academic research is transferred to 
society. The expected benefits of the academic scientists who team up with firms are manifold: improving 
the ability to conduct research and exploit the results (Friedman and Silberman, 2003), gaining knowledge 
about practical problems (Lee, 2000) for better alignment with industry needs and goodwill creation (Lee 
and Win, 2004) and generating royalties and fees -  usually through IPR-licensing (Harryson et a/., 2007).
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The Receiver: Firms
In the case of firms, the need for a culture of learning (Huber, 1991; Davenport and Prusak, 1998) 
and ample absorptive capacity (Szulanski and Jensen, 2004; Lane et a/., 2006) are seen as necessary for 
successful knowledge transfer. Absorptive capacity was defined by Cohen and Levinthal (1989; p. 129) as 
"the ability to exploit outside knowledge of a more intermediate sort, such as basic findings, that provides 
the basis for subsequent R&D"; or, in other words, it is the capability of a firm to recognize the value of 
new, external knowledge, assimilate it, and then apply it to commercial ends. Accordingly, firms need 
absorptive capacity -  which is dependent on the firm's own investments in R&D and research efforts 
(Laursen and Salter, 2004) -  to be able to use scientific knowledge (Agrawal, 2001; Kodama, 2008). A 
firm has to do (related) internal research to understand external research activities (Xu and Ma, 2008). 
Chemical firms diminished their basic research facility with the drastically downsizing or even completely 
closing down of the central R&D-laboratories. This way, firms lost a substantial part of their absorptive 
capacity. The possibility to monitor, evaluate, and afterward, use the stock of relevant and accessible 
outside scientific knowledge was therefore seriously reduced (Cassiman et a/., 2002). Firms had lost their 
"ticket of admission to an information network" (Rosenberg, 1990; p 166). Moreover, next to the ability to 
understand externally available knowledge, the willingness to facilitate knowledge transfer decreased as 
well within firms. While in central R&D-labs, time to work on new ideas used to be available and creative 
mistakes were tolerated (Davenport and Prusak, 1998), in the situation without corporate research, the 
possibilities required to enable people to think and discuss were sacrificed in the name of efficiency. As a 
result, in some cases even a "not-invented-here syndrome" (Katz and Allen, 1982) -  a phenomenon that 
is noticeable as an unwillingness to adopt an idea or product because it originates from outside a firm -  
was observed (Veugelers and Cassiman, 1999). These days, the willingness -  and along with it R&D- 
employees that are qualified and assigned to accomplish long term research -  appears to return slowly. 
Firms have become increasingly aware of the fact they need to access knowledge and complementary 
skills at scientific institutes (e.g. needed in order to build new competences in technological fields, or to 
get an answer to a specific problem in an innovation project) in order to ensure a positive future.
The Message: Technical Knowledge
Research which focused on the message of the knowledge transfer model showed that a lack of 
articulability (Xu and Ma, 2008) and causal ambiguity (Simonin, 1999) of knowledge are characteristics 
that impede its transfer. Causal ambiguity concerns the lack of understanding of the logical linkages 
between actions and outcomes, causes and effects, and inputs and outcomes. As a result, when the exact 
reason for success or failure cannot be determined even ex post, causal ambiguity is present. Seen in the 
light of industry-science collaboration, this could mean, for example, that it would be impossible for a firm 
to pinpoint the precise contribution of a collaborative university to a particular product or process 
innovation. Articulability of knowledge refers to the extent to which knowledge can be verbalized, written,
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drawn or otherwise articulated (Cummings and Teng, 2003). Polanyi (1966) categorized knowledge into 
two classes (codified and tacit) and remarked that individuals know more than they can explain, because 
they possess tacit knowledge that is unarticulated, non-verbalized, and intuitive. However, this type of 
knowledge is hard to communicate and is deeply rooted in action, involvement and commitment in a 
specific context. Not surprisingly, several studies demonstrated that the extent of articulability of the 
knowledge being transferred has an important impact on the ease of a particular transfer (Hakanson and 
Nobel, 1998; Xu and Ma, 2008). Next to a lack of articulability and causal ambiguity, studies showed that 
knowledge's applicability is an interfering issue as well. The time horizon of scientific, technical knowledge 
is too long to directly match the short time horizon of firms (Klevorick et a/., 1995). The knowledge 
seems, for example, to be hardly applicable in the next 15 till 20 years and it is therefore not likely to 
generate a direct commercial payoff (Cohen et a/., 1998; Siegel et a .  2003). Although in some cases 
entrepreneurial academics did believe that their technological ideas had commercial potential on a global 
scale, industrial partners complained that these ideas had not been developed far enough for commercial 
viability (Jones- Evans, 1998). Studies showed, however, that the (perceived) usefulness of knowledge 
has a positive influence on its transfer (Gupta and Govindarajan, 2000; Schulz, 2001). Accordingly, the 
existing valorization initiatives at scientific institutes in which knowledge is further developed to increase 
the usefulness for firms should contribute to easier knowledge transfer in due course.
The Transfer Channel: Organizational Arrangement
Several empirical studies have analysed the process of knowledge transfer by focusing on the transfer 
channel. This stream of research explores the aspects of various channels through which the knowledge 
content is transferred from the university to industry. The channels under consideration in most of these 
studies include some subset of publications, patents, consulting, informal meetings, recruiting, licensing, 
joint ventures, research contracts, and personal exchange (Agrawal, 2001); however, no unique or shared 
taxonomy of the transfer channel seems to exist. Moreover, these studies produced contrasting evidence 
concerning the importance of different types of transfer channels for industry-science collaboration. Narin 
et a. (1997) argued, for example, that codified output of academic research like publications and patents, 
is the most important input to industrial innovation. Agrawal and Henderson (2002), however, examined 
the importance of patents, relative to other channels, as a mechanism of knowledge transfer and found 
that the patent channel only represents a small fraction of the total knowledge transfer. In line with them, 
Meyer-Krahmer and Schmoch (1998) found that collaborative and contracted research activities are a 
much more important form of knowledge transfer. In addition, they noticed that informal contacts are 
often found to be a common form of interaction between universities and industrial firms. Other studies, 
however, demonstrated that knowledge externalities (i.e. spillovers) are difficult to observe, and that 
firms benefit the most from formal collaboration (Monjon and Waelbroeck, 2003). The importance of 
employment and mobility of academic researchers as formal collaboration mechanisms was, for example,
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emphasized by Zucker et a. (2002). An important insight came from Colyvas et al. (2002) who explored 
in detail how particular university inventions moved into practice. They found that the studied university 
inventions varied from case to case and identified that there were a number of factors that influenced 
which transfer channel was most important in a particular case. No single best way could be discovered; 
the transfer channel appeared to be case-dependent. In that light, the need for more research on the 
transfer channel as it emerged from recent observations of Montoro-Sanchez et al. (2006) (the channel is 
still the least studied element of the knowledge transfer model) and Perkman and Walsh (2008) (most 
studies fail to grasp the relational aspect of university-industry collaboration) seem to be plausible.
Context I: Trust & Commitment
The importance of trust and commitment for successful knowledge transfer in industry-science 
collaboration has been frequently emphasized (Santoro and Gopalakrishnan, 2000; Plewa and Quester, 
2006). Trust has been referred to as "the mutual confidence that no party to an exchange will exploit 
another's vulnerabilities because opportunistic behavior would violate values, principles, and standards of 
behavior that have been internalized by parties to an exchange" (Barney and Hansen, 1994; p.177). In 
other words, two partners collaborate to pursue mutual interests rather than to act opportunistically (Das 
and Teng, 1998). The main reason to build up trust is that it serves as glue that helps to keep industry- 
science collaboration together; once a trustworthy relation is established more open communications and 
knowledge transfer processes are enabled, and both partners will put forth their best efforts in working 
together (Santoro and Bierly, 2006). In addition, collaborative partners that develop confidence about 
each other's capabilities, turn out to be more willing to share (Kale et a/., 2000), and consider these 
experiences to have a positive influence on starting renewed collaborative projects (Gomes et a/., 2005). 
Closely related to trust is commitment (Siguaw et al,  2003) which has been defined as "an enduring 
desire to maintain a valued relationship" (Moorman et al,  1992; p. 316). The influence of each partner's 
commitment on the outcome of a collaboration has been subject of many studies (Mora-Valentin et a/., 
2004). These studies show that the higher the degree of participation and involvement of the partners 
and of the senior executives, the more effective the cooperative relationship will be. Partner must thus 
commit themselves to do what they can to establish a long-lasting relationship and to secure resources 
needed to accomplish the purposes. They must be willing to contribute knowledge, time, and appropriate 
material resources, and respond adequately to one another's requests in order to make a collaboration to 
a success (Baum, 2000). Nevertheless, despite the benefits of commitment and trust in facilitating 
knowledge transfer, it is important to bear in mind the temporal nature of both factors. Changes in staff 
at the university or firm, untrustworthy actions, or better collaborative alternatives for a particular 
problem can quickly change the levels of trust and commitment as they were experienced by the 
collaborating partners. Accordingly, even though the positive influence of both factors on collaborative 
success is beyond dispute, they are tenuous and tricky to solely base collaboration on.
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Context II: Norm Distance & Project Management
Norm distance refers to the extent to which knowledge transfer partners share similar understandings 
and ideas about a mutual project. The assumption that the greater the norm distance, the harder it would 
be to transfer knowledge was confirmed in a study by Cummings and Teng (2003). Underlying reasoning 
is that similar cultures and value systems allow for a smooth working relationship because those concepts 
define what is acceptable and unacceptable in a working place (O'Reilly and Chatman, 1996). Knowledge 
transfer processes are easier between people who can readily interact in a well-coordinated fashion. With 
the strength of scientific institutes mainly in fundamental research and that of firms prevailing in short­
term oriented activities, overlap in work values between both partners is only limited. It was even stated 
that the two worlds speak different languages (Nauwelaers and Wintjes, 2001). Barnes et ai. (2002), for 
example, mentioned that the difference between the industrial lack of flexibility -  originating from the 
adage 'time=money' -  and the academic 'laissez-faire approach' has to be managed to achieve successful 
collaboration. This dissimilarity especially emerged in the management of collaborative projects: whereas 
the industrial participants were primarily preoccupied with elapsed time on the project versus tangible 
progress made, academic scientists stated that research should be conducted with sufficient attention to 
detail and in-depth investigation to ensure that correct and justifiable conclusions were drawn. Moreover, 
they were inclined to pursue new research directions stemming from the main research question; that is, 
insofar such a question was clearly described. The emphasis on a robust approach and freedom to 
explore emerging research directions regardless of timescales made that academia has been perceived by 
industry as slow moving and indifferent to schedules (Barnes et a/., 2006). However, even though these 
different values appear to be incompatible, they are not. It turned out to be essential that partners agree 
on vital project management issues like clearly defined, realistic objectives (Balconi et a/., 2004), project 
planning (Martin, 1996), regular reviews and open evaluations (Hayashi, 2003), adequate and flexible 
budgets (Meseri and Maital, 2001), and effective communications (Barnes et a/., 2002).
Context III: Geographical Proximity & Communication
Geographical proximity -  denoted as territorial, spatial, local or physical proximity as well -  is an often 
studied construct in literature. Even though slight differences in definition exist -  it has been described as 
the absolute geographical distance that separates partners, as the distance relative to the means of 
transport (travel times), and even as the perception of these distances by actors -  most studies examined 
the construct relative to knowledge transfer success. Most studies suggest that knowledge flows from 
public science to firms decline with geographical distance (Audretsch and Feldman, 1996; Santoro, 2000) 
and apply the same underlying mechanism for its explanation. The importance of geographical proximity 
in inter-organizational collaboration lies in the fact that small geographical distances facilitate face-to-face 
interactions, both planned and serendipitous. Accordingly, interaction with a high level of information 
richness is favored and the exchange of, particularly tacit, knowledge between partners is facilitated. The
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larger the distance between them, the more difficult it is to transfer these tacit forms of knowledge, and 
the harder it will be to foster knowledge transfer (Torre and Gilly, 2000; Knoben and Oerlemans, 2006). 
Concerning the importance of being physically close to public science for useful knowledge in a codified 
form, the opinions differ. Some scholars (Arundel and Geuna, 2004) state that the importance should 
decline when useful information is a codified form like in patents and publications, while others have their 
doubts, since the interpretation still requires tacit knowledge and thus spatial proximity (Howells, 2002). 
However, despite the identification of geographical distance between collaborating partners as a barrier 
for knowledge transfer, Beise and Stahl (1999) make a strong case regarding the usefulness of the distant 
construct in smaller countries. They state that studies in the US normally use a regional entity that is 
relatively large compared to Germany, covering a smaller area than California. In case of the Netherlands 
(being 8.5 times smaller than Germany), the extrapolation of research results is even harder. Accordingly, 
a choice within such a country will probably not predominantly be made on geographical considerations.
Context IV: Ownership of Intellectual Property Rights & the Division o f Revenue
The rise of the entrepreneurial university and the increase in valorization initiatives among academic 
researchers has added a new phenomenon that affects knowledge transfer: the ownership of intellectual 
property rights (IPR) and the division of revenue (Blomqvist et a/., 2005). Whereas the discussion used to 
cluster around the conflicting desire of academia to publish in order to advance scientific frontiers and of 
industry to maintain secrecy to secure IPR and hence competitive advantage, nowadays disagreements 
are common on who is to own and exercise the exclusive rights in relation to the subject matter of the IP. 
Scientific institutes have discovered the importance of such rights -  which have become a critical assets in 
knowledge-based competition -  and therefore try to protect them (Hanel, 2006). The relevant legislation 
principally recognizes that the IPR belong to the creator of the intangibles, and that if the collaborating 
partners wish to allocate the results, contracts are the only safe and bridging way to transfer the rights 
related to them. With industry claiming that IP from universities is often over-priced and ignores the risks 
industry is exposed to while commercializing it, and universities fearing that industry may steal their 
discoveries and generate revenue streams that rightly belong to them, negotiations on such contracts are 
likely to face serious disputes (Dooley and Kirk, 2007). These disputes are most likely to occur for well- 
defined, short-term research contracts where there is relative certainty in terms of the characteristics of 
the research findings. For more generic collaborative research projects with more uncertain results, 
agreement can be often more easily reached, since concrete boundaries for resulting IPR can hardly be 
defined (Hall, 2001). The overall effect of university patenting on knowledge transfer is not yet clear. 
Studies in the US have provided both evidence in support of (Poyago-Theotoky et a/., 2002) and against 
(Nelson, 2001) university patenting as an efficient device for knowledge transfer. Preliminary studies in 
Europe found no evidence that licensing is profitable for most universities, although a small number of 
universities do succeed in attracting substantial additional revenues (Geuna and Nesta, 2006).
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4.2 Development of the Conceptual Framework
Despite the fact that research in the field of industry-science collaboration is relatively new -  it only has 
attracted much attention in the last 20 years (Evans and Spruce, 2005) -  many conflicting aspects have 
already been studied. From the study of literature, it became clear that industry-science interactions and 
the subsequent knowledge transfers are topics of high political, economical, managerial and academic 
interest. All studies share, however, a common dominator: they try to unravel in which way these two 
partners can work together effectively. Some propose a universal answer, while others focus on a set of 
solutions. A striking metaphor placing many barriers in context was described by Rubenstein (1995). He 
compared the development of relationships between academia and industry with courtship. Starting with 
flirtation -  both partners are clearly interested, but have doubts how to start -  sometimes they manage to 
move on to a lunch appointment where the first sensitivities may be raised: who owns what, who reports 
to whom, and when will payments be made? If they survive this stage of writing several proposals -  
defining the work, funding, schedules, confidentiality and IPR -  a final agreement is signed. After that, 
however, during 'the first real date' unexpected annoyances tend to creep in like 'because of recent firm 
results, we have to modify your approach' and 'I did not realize it would take months to get a graduate 
student for the project', and so on. As a result, most courtships do not reach the stage of a 'second date'; 
however, if they do, a long-term relationship is just a matter of time. The metaphor clearly illustrates that 
solving one problem does not automatically lead to success. As a result, even though each of those earlier 
studies contributed significantly to our current understanding of industry-science collaboration, this study 
applies a more detailed and integrated approach to the issue at stake. To do so, at first the basic version 
of a coherent conceptual framework is built based on existing theories (§ 4.2-1). Next, conceptualizations 
of the framework's elements led by the insights gained into the Dutch chemical industry follow (§ 4.2-2). 
Finally, the extended conceptual framework and research questions are defined (§ 4.2-3).
4.2-1 Building the Conceptual Framework
Starting from the innovation paradox that is said to exist in the Dutch chemical sector, successively 
the European chemical industry, the sector itself and the collaborating partners were explored to obtain 
an insight into the context of the collaboration activities. For firms, this exploration resulted in a detailed 
overview of the R&D-department. To further complete the picture, innovation models -  the traditional 
linear view, the more recent chain-linked model, and the present 'open' approach for innovation -  and 
collaboration theories were reviewed. A remarkable observation was that, despite the growing attention 
for the subject in the last couple of decades, a general theory of collaboration is still lacking. As a result, it 
is impossible to use a widespread framework with generally accepted constructs. This fact, however, also 
offers an opportunity to more freely create a framework based on the insights gained from literature. In 
this section, a conceptual framework is built and the grounds on which this is done are substantiated.
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Knowledge Transfer for Innovation
Firms need, in addition to incremental innovations, also discontinuous innovations to maintain a 
competitive position on the long term (Leifer et a/., 2000). Since the rate and complexity of technological 
change is increasingly high, even the most innovative industrial firms cannot fully rely on internal sourcing 
for expertise in every potentially relevant technical area anymore (Rigby and Zook, 2002). It is widely 
acknowledged that universities and public research institutes are suitable sources of new technical skills 
and technological knowledge (Geuna and Nesta, 2006). As a result, industry-science collaboration has 
received much attention in recent years. Governments, for example, launched several policy initiatives; in 
the Netherlands, several research consortia were founded to bring firms and universities together to boost 
the Dutch innovation potential. One of the selected sectors was the chemical industry in which, bearing in 
mind its science-based nature (Pavitt, 1984), such an initiative was expected to pay off. Despite all 
efforts, however, several European studies demonstrated that scientific institutes still only play a marginal 
role in the process of industrial innovation (Fontana et a/., 2003; Arundel and Geuna, 2004), and that 
countless attempts of knowledge transfer between both partners still appear to be unsuccessful (Santoro 
and Bierly, 2006). Although many barriers were identified and many solutions put forward, the partners 
still did not shift into high gear and started to engage in active collaboration. Accordingly, a detailed look 
at the context and both partners was necessary to find the lead for further research. The exploration of 
the context (chapter 2) showed firms in the chemical industry are desperate for innovation as they are 
increasingly facing severe competition from Asia and the Middle East. The present financial and economic 
crisis made the urge for innovation even more clear. However, at least in the case of the Dutch polymeric 
industry, most conditions appear to be favourable (§ 3.3): next to an extensive knowledge infrastructure 
with various initiatives offered by the government, promising areas are explored by scientific institutes. In 
addition, the study of the collaborative partners revealed that universities are increasingly entrepreneurial. 
It also showed, however, that the situation at the firm's side radically changed with as primary results the 
drastically downsizing of corporate research labs and the rise of a short-term orientation.
The Chemical Firm's Point of View
The central laboratory placed close to headquarters and equipped with extended authority to lead and 
control the firm's R&D-policy was -  beginning from the late 1980s -  deemphasized in favor of business 
unit facilities in most chemical firms. Although studies on chemical firms in Europe (Albach et a/., 1996) 
and the US (Aboody and Lev, 2001) clearly demonstrated that firms with a high investment in R&D were 
the most successful ones, they also revealed that return on R&D-investments generally only comes visible 
after about seven years. With the industry becoming more and more mature, globalization rapidly taking 
place and, the R&D-spending fully charged against earnings every year, it turned out to be increasingly 
hard for management of chemical firms to resist the pressure of shareholders to slow the growth of 
investment in long-term research in order to meet short-term profit targets. Corporate research dwindled
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and the decentralized research that remained became closely linked to the firm's development activities. 
Many tangible and intangible assets, however, disappeared: next to the critical mass that was created by 
having all researchers together at one location, the gateway by which knowledge transfers could enter 
the firm from scientific institutes (De Wit et a/., 2007), and the protection corporate research offered to 
long-term technological innovations declined (Rosenbloom and Spencer, 1996). Although several R&D- 
management tools were employed to stimulate long-term research, the time horizon for research in 
chemical firms became no more than 5 years (Sistermans and Timmerhuis, 2003). Since discontinuous 
innovations are generally characterized by long-term development times (10 years or more) and large 
investments of resources (O'Connor and McDermott, 2004), the observation that in large parts of the 
chemical industry the pace of innovation slowed down and major innovations became less frequent (Eder,
2003) is for that reason not surprising. Moreover, some major reasons explaining the marginal role in the 
industrial innovation process of scientific institutes, whose technical knowledge is expected to contribute 
especially to discontinuous innovations (Kaufmann and Tödtling, 2001) are revealed with this decline.
Chemical firms continued to commercialize their existing stock of knowledge and technology, but at 
the same time were lacking the development of -  and left no room for the inflow of -  new knowledge for 
discontinuous innovations (Souder and Nashar, 1995). With the demise of this knowledge pool, chemical 
firms became more like a production line for quick commercialization of sure technologies resulting in 
incremental rather than discontinuous innovations (Rubenstein, 1997). With newly emerging competitors, 
however, competition based on product portfolio optimization and service-level distinction is no longer 
sufficient to survive: firms need to innovate radically again. In this process, the necessity for collaboration 
with scientific institutes is beyond dispute, although the view on their contribution has changed. The 
traditional 'linear' view of innovation that states that universities and other public research institutes only 
play a central role in suggesting new projects by means of their basic research findings has become 
superseded (Drejer and Jorgensen, 2005). The complex reality of current innovation processes entails 
that the input of scientific and technological knowledge is necessary throughout the entire process, not 
only in the beginning (Kline and Rosenberg, 1986). Research by Klevorick et a. (1995) supports this role 
of science as it was represented in the chain-linked model of innovation. It was found that most R&D- 
efforts start from a certain need or an objective and then reach back to science to enable the goal to be 
achieved. Cohen et a. (2002) confirmed this observation. They suggested that technical knowledge from 
public research labs, like universities, does not play a central role in the suggestion of new R&D-projects. 
A majority of industrial R&D-projects is initiated in response to information from the firm's marketing 
department that identified the need of (potential) customers. The role for universities as a knowledge 
source for the completion of R&D-projects in firms is found to be larger. So, although scientific knowledge 
might occasionally spark an innovative idea, it will first have to be matched with information about, for 
example, the IPR-landscape and potential customers before it will lead to a R&D-project. The notion that 
innovation is initiated by research is wrong most of the time: it is of more value during the process.
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Scientific institutes are thus believed to play an important role as knowledge supplier to extend, and 
keep up-to-date, the knowledge base of firms, but not in suggesting new R&D-projects. Nowadays, firms 
are convinced that to create a successful product or process innovation, there has to be some latent, 
unsatisfied customer need in the market place that is addressed. It is rare nowadays that the stimulus for 
an R&D-project only originates from an appreciation of new basic findings. So, once a firm has formulated 
a new, radical R&D-project for which its existing knowledge base and research capacity are inadequate, a 
university or public research institute can turn up as a suitable provider of the necessary, technical 
knowledge. However, before a firm can benefit from knowledge that is available at a scientific institute, it 
first needs to be transferred. This process has turned out to be problematic and the subject of numerous 
theoretical and empirical studies (§ 4.1-2). Many barriers were identified which all contributed significantly 
to our current understanding of industry-science collaboration and knowledge transfer. Their identification 
alone, however, did to not result yet in partners starting to engage in active collaboration. An exploration 
of the chemical industry and its firms revealed that with the fading of the central R&D-laboratory, the 
gateway for scientific and technological knowledge disappeared as well. A detailed analysis of the nature 
of industry-science collaboration and the knowledge transfer processes from the firm's viewpoint is 
therefore necessary to yield in-depth insights for improvements. To overcome fragmented answers, a 
coherent framework will be used. For the creation of this framework, theoretical insights on collaboration 
and knowledge transfer of Wood and Gray (1991), Shannon and Weaver (1949) and Argote et al (2003) 
were combined with the chain-linked model of industrial innovation of Kline and Rosenberg (1986). 
Rooted in Pavitt's (1984) observation of the link between scientific advances and innovations in science- 
based industries and considering the barriers identified, the framework's elements are explored and 
conceptualized (§ 4.2-2). The extended framework and research questions are found in § 4.2-3.
The Conceptual Framework
To develop a conceptual framework for studying and understanding the nature and dynamics of any 
form of collaboration, it is not possible to reach back to a general theory of collaboration. Since no single 
theory can fully explain the complexities of collaboration, it is necessary to apply multiple perspectives 
(Gray and Wood, 1991; Smith et a/., 1995; Wang and Xiang, 2007). A fundamental building block for this 
development is the use of a process model, articulating three critical issues of collaboration: its immediate 
preconditions, the process through which it occurs, and its outcomes. The first construct refers to the 
conditions and resources that make collaboration possible and motivations of stakeholders to participate; 
the outcomes construct delineates the results of a particular relation. The process construct describes and 
captures the actual dynamics of the collaboration. Although this model offers a convenient basis to study 
collaboration in a coherent manner, it does not explicitly address knowledge transfer -  the main goal of 
industry-science collaboration -  and how this process could be improved. A suitable starting point is the 
knowledge transfer model (p. 73) that distinguishes four elements: a sender, a receiver, a channel, and a
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message. In the case of knowledge transfer between a chemical firm and a scientific institute, the latter 
predominantly acts as sender and the former as receiver. In addition, the message covers technological (/ 
technical) knowledge and the transfer channel represents the relationship. Although several criticisms and 
extensions were developed for the knowledge transfer model, it offered a convenient underpinning for a 
theoretical endeavor on how knowledge transfer could be improved. Argote et al. (2003) referred to 
literature that showed that the outcomes of knowledge management activities are predicted by the 'fit' 
between the components of the context in which the activities take place. Accordingly, regarding the 
outcomes of knowledge transfer, Argote et al theorized that this process would be most effective in the 
case of a 'fit' between (i) the collaborating units, (ii) the knowledge involved, and (iii) the relationship.
It remained at theorizing, however, because a knowledge gap for the knowledge transfer theme was 
identified. Accordingly, Argote et al (2003) conclude that research should focus on the exploration of the 
properties of the context components to be able to specify a priori when the three components fit each 
other, and when they do not. In addition, more research is needed on the concrete mechanisms by which 
knowledge transfer outcomes are affected by the properties of the three context components. Many 
studies followed up on this research direction, but they primarily concentrated on intra- and interfirm 
knowledge transfer. Only recently, studies on industry-science collaboration have acknowledged the need 
for more research on the three context components. Regarding the properties of the relationship, for 
example, Perkmann and Walsh (2008) discuss that most studies fail to grasp the relational aspect of 
industry-science links, while Rothaermel et al. (2007) and D'Este and Patel (2007) point at the absence of 
studies that compare the effectiveness of various types of linkages that a firm can employ in connecting 
with a university. Most studies primarily focused on the ways related to commercialization of IPR and the 
recruitment of scientists, and neglected the broader spectrum of channels that are available for industry- 
science collaboration. The properties of the collaborative units are often conceptualized as the motivation 
to collaborate. Studies at the university (Arvanitis et a/., 2008) and the firm (Fontana et a/., 2006) showed 
various reasons for both partners to collaborate. Research on the properties of knowledge mainly focused 
on its degree of tacitness and the suitability of channels to transfer it (Wright e t al., 2008). Research of 
Schartinger (2002), however, that showed that the selection of a channel not only depends on the degree 
of tacitness, but also on the stage of the development of the collaboration project hardly received follow- 
up. Only the work of Colyvas et al. (2002) paid concrete attention to the notion that no single best way 
can be found in the use of a transfer channel, but that this choice is case-dependent. Accordingly, while 
research focusing on single components is increasing, studies that explore the relations between the 
collaborating units, the knowledge involved, and the relationship still appear to be missing. Regarding the 
point of view in research on industry-science collaboration, the firm's perspective is underrepresented in 
literature. Bercovitz and Feldman (2006; p. 180), for example, state: "Unfortunately, there are few studies 
that consider the firm, rather then the university, as the focal actor". This statement was confirmed by 
Harryson et aI. (2007) after reviewing over 100 papers on industry-science collaboration.
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The present study addresses these research gaps. It examines, from the perspective of the firm, the 
configurations of the three context components in the case of industry-science collaboration in the Dutch 
chemical industry. In addition to the theoretical contribution, the present study addresses an important 
empirical issue as well. The disappearance of the central R&D-laboratory meant that the primary gateway 
for knowledge from scientific institutes to enter chemical firms was closed off. Chemical firms, however, 
need this knowledge in order to complete the technical input that is needed to realize innovative projects 
that can secure a positive future. As a result, new ways to organize collaboration have to be introduced to 
facilitate this flow again. With a variety of activities running within a chemical firm's R&D-department that 
all require different knowledge, no universal solution appears to exist for the way collaboration with a 
scientific institute should be organized. The present study aims to yield answers for this empirical issue 
from the point of view of the firm (i.e. the 'receiving unit"). As a result, it does not explore the scientific 
institute empirically, although its importance is recognized. To obtain answers, a preliminary conceptual 
framework (figure 1.3; p. 7) was built in which the context components (i.e. the collaborating units, the 
knowledge involved, and the relationship) were placed in a framework to study collaboration.
The framework to study collaboration discerns a preconditions, process, and outcomes construct. It 
offers the possibility to obtain a coherent description of industry-science collaboration. The preconditions 
construct yields an insight into the preparations and considerations before collaboration with a scientific 
institute is started, while the process construct gives a detailed description of the collaboration. By means 
of the outcomes construct, it is possible to obtain an indication of the performance. This indication can 
help to discern between successful and unsuccessful 'receiving unit-knowledge-relationship'-configurations 
which offers the possibility to reveal mechanisms by which the knowledge transfer outcomes are affected 
by the three context components. Based on the exploration of the role a scientific institute can play in the 
innovation process (i.e. collaboration to transfer knowledge in order to meet a firm's need can occur in 
any phase; § 3.1), the collaborating units (i.e. leading to a focus on the R&D-department; § 3.2/ 3.3), and 
collaboration/ knowledge transfer models (i.e. knowledge transfer is most effective in the case of a fit 
between the components; § 4.1) leads to the following conceptual framework (figure 4.3):
Figure 4.3: Conceptual framework
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4.2-2 Exploration of the Context Components
Collaboration with scientific partners is considered to be especially beneficial for firms in the science- 
based chemical industry, because their innovations are assumed to be able to benefit directly from 
advances in scientific knowledge (Pavitt, 1984). The situation of chemical firms is therefore borne in mind 
while the three context components are further explored and subsequently conceptualized. With regard to 
the receiving unit, it already became clear that the R&D-department is the key player in collaboration with 
scientific institutes. A further exploration of its activities (see below) resulted in the identification of four 
objectives the department has to meet in order to contribute to a firm's performance. These objectives 
were put central in the empirical part of the present study. The knowledge involved and relationship were 
also explored to offer ideas for the initial directions to follow in the empirical work. Furthermore, the 
outcomes construct is delineated in order to be able to obtain an indication of the performance.
Properties of the Receiving Unit: 4 Objectives for the R&D-Department
The innovation-oriented activities within chemical firms used to be formalized in large, corporate R&D- 
laboratories (Grupp, 1996). Beginning in the 1980s, however, a combination of severe global competitive 
pressure, the need for presence at the expanding global markets and disappointment with perceived 
returns on investments in R&D triggered many chemical firms to decentralize their in-house R&D activities 
(Coombs and Georghiou, 2002). As a result, corporate research dwindled and the decentralized research 
that remained became closely linked to firm's development activities (Tijssen, 2004). Internal cultures and 
pressures started to push efforts towards more low risk, that is, projects of which the intended outcomes 
were more incremental and well understood (Dougherty and Hardy, 1996). The decentralization of 
responsibilities allowed BU-managers to increasingly focus on requirements of customers, respond to 
market demand, and reduce time-to-market (Bartlett and Ghoshal, 1993). As a result, the performance of 
most firms -  financially and with regard to market-orientation -  was satisfactory again by the end of the 
1990s. The backside of this trend was, however, that firms had been mainly cutting the costs of long-term 
R&D-activities (Varma, 2000). With the disappearance of corporate research, there had been a trend in 
business units to employ the limited R&D-resources mainly for short-term issues (Schmid, 2001). The 
average business's R&D-portfolio shifted to smaller, shorter-term projects like product modifications and 
updates (Zellner, 2003). Long-term, more fundamentally-oriented research, which was only expected to 
contribute to innovation in the long run, was increasingly seen by chemical firms as an expensive luxury: 
nice to have, but frequently benefiting their competitors as much as themselves (Birkinshaw and Fey, 
2000). By primarily focusing on application-oriented projects, firms enlarged the possibility to benefit from 
their own R&D-efforts. The few remaining long-term research programs were reduced to schedules of no 
more than five years -  fitting the firm's time horizon -  and they were continuously assessed in terms of 
productivity, quality, and (potential) value creation. As a result, the R&D-portfolio's balance between long­
term corporate and short-term business R&D-tasks was considerably disturbed.
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The rationale of an R&D-project portfolio is, however, that the available resources are applied to the 
appropriate type and mix of projects in order to ensure that the collective set will meet the firm's targets 
(Clark and Fujimoto, 1991). For what this means concerning R&D-objectives several distinction have been 
made. Kerssens-van Drongelen and Bilderbeek (1999), for example, discussed the differences between an 
R&D-function and R&D-department. Whereas the R&D-function is responsible for the successful initiation, 
coordination and accomplishment of technology, product and process development activities, the R&D- 
department's responsibility area is to effectively and efficiently identify, acquire, sustain and exploit the 
technical knowledge. Although these responsibilities of the R&D-function and department seem to partly 
overlap with respect to the effective and efficient exploitation of technical competencies, the creation and 
sustainment of the firm's own technical knowledge base is solely an objective of the R&D-department. A 
similar distinction was made by Cohen and Levinthal (1989) who argued that R&D has two 'faces', i.e. 
learning and innovating, and Christensen (2002a) who distinguished two sub-functional R&D-categories. 
His first category -  the management of innovation -  signified the management and organization of the 
individual innovation process with the objective to produce product or process innovation. The second, on 
the contrary, the so-called management of technology, implied the management and organization of the 
firm's technical knowledge base and was described as (p. 263): 'the portfolio of existing and prospective 
technological capabilities underlying innovations'. This important role for the existing body of scientific and 
technical knowledge -  to be extended with new knowledge coming from research -  was also reflected in 
the chain-linked model of industrial innovation. Accordingly, while R&D obviously participates in the actual 
product and process development activities together with other departments like marketing and sales, it 
also carries the responsibility to maintain and extend -  using in-house research activities and knowledge 
transfer processes with external partners -  the firm's technical knowledge base.
While for the types of innovations a distinction was discussed between incremental and discontinuous 
innovations (§ 3.1-2), the objectives with regard to the firm's technical knowledge base have as well been 
described using a dichotomous classification: technical competence leveraging and technical competence 
building (Knudsen, 2005). The adaptation of a firm's existing technical knowledge base and related 
competences to current or new market opportunities has been referred to as competence leveraging 
(Sanchez et a/., 1996). It also includes changes in competences that are similar to those the firm already 
uses. The continuous activities in similar technological areas lead to a deepening of the technical 
knowledge base and to more certainty in maintaining the foundation for current survival activities. Over 
time, however, obtained advances from the existing knowledge base might erode through competition, 
and continued deepening could result in competence rigidities (Leonard- Barton, 1992). Firms therefore 
have to proactively explore new technologies, provide the knowledge base with new input and build 
corresponding new competences, while simultaneously maintaining and leveraging existing ones, to reach 
sustained competitive advantage (Oliver, 1997). To avert threats to survival, it is important for a firm to 
create new technical competences to base its future innovative actions on. By means of competence
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building a firm enables itself to pursue such goals and to broaden its opportunity space by diversifying its 
knowledge base (Mom eta/., 2005). It is important to note, however, that building does not automatically 
imply that the firm is strong, or holds a competitive advantage, in the technological field. Processes of 
competence building are often initiated as parts of searches for new opportunities, but temporary 
processes of competence building in unrelated areas do not necessarily result in sustained competitive 
advantage. External threats constrain firms in pursuing these options freely (Dasgupta and David, 1994). 
In contrast to technical competence leveraging, competence building is proactive, implying higher R&D- 
costs and less certainty on return on investments, because searches take place in unfamiliar areas and 
the viability of outcomes is unknown (Knudsen, 2005).
Accordingly, an R&D-department has to fulfill four types of objectives in order to contribute to a firm's 
performance: (i) technical competence leveraging, (ii) technical competence building, (iii) incremental 
innovation, and (iv) discontinuous innovation. These objectives are realized in R&D-projects running in 
firms, because R&D-tasks are in general carried out that way (Kerssens-van Drongelen and Bilderbeek,
1999). Collaboration and knowledge transfer with a scientific institute are therefore expected to be 
started, framed and accomplished within a particular R&D-project. Or, in other words, the properties of 
the receiving unit (which is involved in collaboration and knowledge transfer with a scientific institute) are 
considered to be shaped by the R&D-project of which the objective is (i) technical competence leveraging,
(ii) technical competence building, (iii) incremental innovation, or (iv) discontinuous innovation. This 
notion implies that in order to describe the receiving unit's properties, it is necessary to obtain a detailed 
picture of the firm's (internal) R&D-project. Reaching back to the preconditions construct of which the 
receiving unit' is a part, insights into the conditions and resources that make a collaboration possible and 
motivate partners to participate should be gained. Or, stated differently, the characteristics of the R&D- 
project that reflect the structural embeddedness (conditions and resources) and content embeddedness 
(referring to the motivation to collaborate) of the collaboration have to be mapped. For a notion of the 
structural embeddedness, five control characteristics of an R&D-project -  i.e. resources, objective, quality, 
information, and time (Grit, 2000) -  should at least be addressed. These five variables also belong to the 
core of project management methods like Prince 2 and PMBOK. For a detailed insight into the content 
embeddedness, preparations for the collaboration made by the R&D-project team should be explored. 
Next to the motivation, the criteria that are used by the firm for the selection of the scientific institute 
need, for example, to be clarified (Bonaccorsi and Piccaluga, 1994).
Properties of the Knowledge Involved: The Firm's Available Base and the Flow Required
Knowledge is considered to play a central role in innovation and production nowadays. Scholars of the 
knowledge-based theory of the firm, for example, even designated knowledge to be the most strategically 
significant resource of a firm, outstripping traditional resources like machinery, labor and financial capital 
(Kogut and Zander, 1992; Grant, 1996; Spender, 1996). The diverse knowledge bases and capabilities of
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firms are the key determinants of sustained competitive advantage, because the knowledge-based 
resource is normally difficult to imitate and socially complex. As a result, a lot of effort has been spent to 
describe this abstract phenomenon. Next to numerous definitions -  of which knowledge as a 'justified true 
belief' is probably the most predominant one (Nonaka and Takeuchi, 1995) -  it resulted in many 
typologies and taxonomies, each of which is meant to disclose observable aspects of knowledge or 
observable forms of knowledge. Whereas some taxonomies are devised to specify general domains of 
knowledge like a distinction that was made between declarative (knowledge about), procedural (know­
how), causal (know-why), conditional (know-when), and relational (know-with) knowledge (Zack, 1999), 
other taxonomies specify different competencies, resulting in codifiability, complexity, observability in use, 
teachability, and system dependence as criteria for knowledge classification (Winter, 1987; Zander and 
Kogut, 1995). However, although many more definitions and taxonomies have been reported in literature
-  for an overview see for example (Kakabadse eta/., 2003) -  it is not the aim of this thesis to discuss all 
existing definitions or to provide a brand-new taxonomy. Bearing in mind the relation that is studied in 
this thesis, the most important requirement is to conceptualize knowledge in such a way that it can be 
handled during the empirical work. Therefore, we reach back to the chain-linked model of innovation (§
3.1-1) as a starting point. In that model, Kline and Rosenberg (1986) made a distinction between the use 
of a firm's existing knowledge base and knowledge flow in the process of innovation. Where the first 
element refers to the stock of stored knowledge at a firm, the latter is the process by which it corrects 
and adds to that knowledge, in other words, research.
In the chain-linked model, it was demonstrated that when a firm confronts a problem in technological 
innovation, it first calls on its own knowledge, or knowledge base, in order to solve it. This knowledge 
base is the result of a process of knowledge accumulation that has occurred over time within a particular 
firm (Decarolis and Deeds, 1999). Although the importance of a firm's total existing corps of scientific and 
technological knowledge for innovation -  as stated in the chain-linked model -  was confirmed by several 
studies (cf. Jaffe, 1986; Cockburn and Griliches, 1988), more recent studies suggested a need for a more 
fine-grained viewpoint. Both theoretical and empirical research demonstrated that it is not the total stock 
of knowledge, but specific characteristics of this stock -  depth and breadth -  that are essential for a firm's 
product development activities (Henard and McFayden, 2005). Since the depth of the stored knowledge 
reflects the previous investments in acquiring related, relevant knowledge in a specific technological field, 
it permits firms to become efficient in conducting R&D-activities (SubbaNarasimha et a/., 2003). The in­
depth knowledge of a firm facilitates faster product development, because it offers, for example, an in­
depth understanding of the constraints and pitfalls associated with the alternatives, and of what has 
worked and not worked in the past of the particular technological field (Nelson, 1982). The breadth of 
accumulated knowledge is important to consider as it provides the range of different technological insight 
that are drawn upon in product development. By possessing a broad base of stored knowledge, the firm 
has a diverse range of technological knowledge to reach back to, hence is better positioned for its product
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development researchers to make novel and complex linkages (Hamel and Prahalad, 1994). Such links are 
nowadays increasingly needed to create innovations; developments in the chemistry utilize, for example, 
knowledge from both biology and physics (§ 3.3-2). Finally, considering that parts of a firm' existing stock 
might become obsolete by revolutionary technological changes, a broader knowledge base offers a better 
position to recover and thus to quickly regain competitive advantage (Tushman and Anderson, 1986).
Even though a firm first reaches back to its own knowledge base -  and will do so in serial stages -  it 
can occur that these attempts fail to yield the required knowledge. In those cases, a call for the 'flow' part 
of knowledge, research, is needed and justified. These activities should then lead to either a 'deepening' 
or 'broadening' of the existing knowledge base. Whereas the first encompasses enhancing the depth of it 
by increasing the awareness of the most recent advancements in a known technological field, the latter 
refers to discovering new technological fields that relate, to some extent, to a firm's core competences or 
activities (Henard and McFayden, 2005). A distinction that is frequently made for the classification of the 
'flow' activities is between basic research and applied research (Ragna et a/., 2003; Trott, 2005). Basic, or 
fundamental, research involves work of a general nature and can be typified as a scientific/ technological 
and reach in the unknown. The work is undertaken primarily to acquire new knowledge of the underlying 
foundation of observable facts and phenomena, without a direct application in mind. If it is accomplished 
in technological fields that have been designated as (potentially) having a great strategic impact for a firm 
in the long-term, it has also been referred to as strategically-driven basic research. Interesting findings 
must be developed further to yield really new technologies. Although applied research activities are also 
accomplished in order to acquire new knowledge, these activities stem from contemporary issues that are 
under consideration at the firm. Value is therefore the objective of applied research: firm investments in 
these activities are considered short-term, as the ultimate end product is marketed relatively quickly after 
the resource investment. Consequently, although progress towards the deliverables of applied research 
involves various elements of discovery that involve some levels of technical risk, time and cost, the time 
to completion is much shorter than for basic research activities (Roussel et a/., 1991). Moreover, the 
possibility to benefit alone from applied activities -  because of the specificity of the technical knowledge 
developed (Breschi et a/., 2000) and related chances of appropriability (Helfat, 1994) -  is larger.
In the light of firms in the chemical industry, changes in both the technological knowledge base and 
flow have been observed. To illustrate this situation and their relation, the 'bathtub' metaphor on assets 
stock and flows is a useful device (Dierickx and Cool, 1989). At any point in time, the stock of water in a 
bathtub is indicated by the level of water in the tub. This stock is the cumulative result of flows of water 
into the tub (through the tap) and out of the tub (though a leak). With respect to R&D, the amount of 
water in the tub represents the stock of technological knowledge at a particular point in time; current 
R&D-activities are represented by water flowing into the tub and water leaking out exemplifies knowledge 
depreciation over time. At chemical firms, with knowledge becoming more a more quickly outdated and 
technologies developing at an increasing speed, the leak has enlarged, while on the other hand, the flow
92
Chapter 4: Conceptual Framework
-  due to the severe downsizing of corporate research labs -  reduced. Moreover, if one takes a closer look 
at the tap and distinguishes the cold from the hot one, representing short-term and long-term research 
activities respectively, chemical firms have primarily used the cold tap during the latter years. Accordingly, 
their stock of technological knowledge has slowly decreased and became cold. Nowadays, given that the 
leak can not be reduced and their existing stock and flow are not enough for creating discontinuous 
technological innovations, firms realized the need for extra inflow of -  mainly warm -  water. It turned out 
that in practice, however, this process was more complex than 'just opening the warm tap' by means of 
starting to collaborate with scientific institutes. The bathtub appeared to be more similar to a chemical 
reactor in which a complex reaction between reactants is taking place. Accordingly, in order to be able to 
analyze this process and increase the yield, the properties of the receiving unit (i.e. R&D-department), of 
the relationship, and of knowledge were conceptualized. In terms of the reaction, four types of reactors -
i.e. the R&D-department's objectives, each with its own characteristics (technical competence leveraging 
and building, incremental and discontinuous innovation) -  are identified. The reactants -  referring to the 
knowledge stock and flow -  need to be precisely geared to one another to reach the objective. While the 
reaction's solvent is clear from the beginning of the reaction -  i.e. the institutional arrangement -  the 
pressure and temperature (i.e. coordination procedures) can be changed, if needed, during the process.
Properties of the Relationship: 8 Institutional Arrangements and Coordination Procedures
In order to establish the transfer or sharing of knowledge, it is necessary to utilize a transfer channel 
or medium (Shannon and Weaver, 1949). However, the transfer channel is said to be the least studied 
basic element of the knowledge transfer model (Montoro-Sanchez et a/., 2006). Only recently, research 
has started to focus on the organizational ways of collaboration. Saez et a. (2002), for example, studied 
the main features of a partnership, while other studies demonstrated that the importance of different 
channels of industry-science knowledge transfer might not be similar for different types of knowledge 
(Bekkers and De Freitas, 2008) and for different types of researchers (Brennenraedts et a/., 2006). Even 
though both scholars (cf. Schartinger et a/., 2002) and several institutions (cf. OECD, 2002) have tried to 
align the transfer channels available for industry-science collaboration, no unique or shared taxonomy 
seems to exist. Where D'Este and Patel (2007), for example, distinguish five groups of transfer channels -  
meeting and conferences, consultancy and contract research, joint research, training, and the creation of 
physical facilities -  Bonaccorsi and Piccaluga (1994) identified six different categories of transfer channels 
(i.e. personal informal and formal relationships, formal targeted and non-targeted agreements, third 
parties, and the creation of focused structures). Bongers et a. (2003) who combined the 'iceberg model' 
of the OECD (2002), the conceptual model for analysis of industry-science relationships of the EU (2001), 
and the revisited version of Bozeman's technology transfer model (Schmoch e t al., 2000), even mentioned 
11 categories, which include, in total, more than 40 types of knowledge flows. The transfer channel 
'mobility of people', for example, consists of three possible 'flows', which are scientific publications, co­
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publications and consulting of publications. However, although their overview is very detailed, it contains 
some ambiguity and is also unwieldy for use in empirical research. Therefore another conceptualization is 
chosen, starting from a classification of Bonaccorsi and Piccaluga (1994) who describe a transfer channel 
in terms of its institutional arrangement and coordination procedures.
Where the institutional arrangement refers to the legal form of the knowledge transfer channel, the 
coordination procedures describe the rules emerging from ongoing interaction between the parties. So, 
the first organizational dimension sets limits to the range of variability of rules during the collaboration, 
but does not entirely determine them. Coordination procedures can be seen as 'soft', managerial aspects 
of collaboration that might determine their outcomes irrespective of the 'hard' structure features. 
Regarding these latter features, usually a distinction is made between formal and informal arrangements 
(Segarra-Blasco and Arauzo-Carod, 2008). Formal types of collaboration are based on contractual 
agreements, while informal ones are not. In the present study, a contract refers to a formal, written 
contract between two or more competent partners -  including at least one firm and one scientific institute
-  which creates obligations, whereby one party becomes bound to another to do -  or not do -  certain 
acts that are the subject of that contract. In general, contractual agreements and contracting serve 
several purposes (Blomqvist et a/., 2005). Contracting binds the partners to carry out the actions needed 
to achieve the mutual targets, and enables rules for the collaboration to be established (Frankel e t  al.,
1996). The negotiation and preparation of the contracts helps the parties to address issues -  e.g. the 
ownership of the intellectual property rights and the division of revenues (§ 4.1-2) -  that could have 
caused even more serious problems later on. This is one ex-ante function by which contracting reduces 
costs and risks. Another function is related to the binding effect of the contracts and the chance to 
enforce them if needed (Macneil, 1978). Firms are able to protect themselves against opportunism, 
referring to self-interest seeking with guile (Williamson, 1985) or, in other words, one partner seeking 
gain for itself at the expense of another (Das, 2004). Although contracts are unlikely to completely 
overcome opportunism because they can not anticipate all forms of cheating, many firms consider them 
to be important and basic safeguards (Lado et a/., 2008).
Collaboration contracts nearly always include sections about secrecy and the ownership of intellectual 
property rights. Whereas the first should prevent undesirable leaking of firm specific -  and thus often 
highly secret -  knowledge, the second theme copes with exercising exclusive rights in relation to the 
results of a specific collaboration. For firms in the chemical industry, those elements of secrecy and IPR 
are very important nowadays. Since far fewer really new materials are developed, which often only show 
incremental changes in properties compared to existing materials (Schlenzka and Meffert, 2001), firms 
run the risk of being imitated by competitors. Moreover, difficulties in duplicating chemical compounds 
and products have been reduced due to the nonstop advances in analytic technologies and tools like high­
performance liquid chromatography and mass spectrometry (Friese e t al., 2006). The use of reverse 
engineering as external source of innovation by chemical firms has already been confirmed in research by
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Arundel and Geuna (2004). Firms need thus to protect their knowledge and products through secrecy and 
IPR in order to block the development of substitutes by rival firms (Mansfield, 2000) and to secure their 
competitive advantage. Accordingly, research revealed that formal channels like consultancy, joint 
research projects and the hiring of graduates, are among the more preferred channels for knowledge 
transfer with public research institutes and universities in the chemical industry (Arundel and Geuna,
2004). In addition, their research showed that informal interactions are considered to be less important 
for chemical firms than, for example, for firms in the food industry. This observation was confirmed by 
Cohen et a. (2002) and Fontana et a. (2003), of which the latter ones stated that connections in the 
chemical sector are, in general, based on long-term relationships that have become formalized via earlier 
co-operative agreements. Since secrecy and IPR-aspects are fixed by means of a contract, firms are more 
willing to share firm specific knowledge. The resulting transparency of firms offers partners an opportunity 
to get more familiar with the firm's goals which is beneficial for collaboration (Akkermans et a/., 2004).
As a result, it is most interesting to focus on the formal types of collaboration with scientific institutes 
in the case of firms in the Dutch chemical industry. This observation led to the preliminary selection of 
eight institutional arrangements. For this selection, research by Chiesa and Manzini (1998) complemented 
with insights from Perkmann and Walsh (2007) was used. The list of different forms of collaboration of 
Chiesa and Manzini was applied as starting point, because of the resemblance in research approach (they 
tried to explain the rationale behind a firm's choice of a collaborative organizational form and identified 
factors like the objective and content of the collaboration to affect this process). However, because their 
research focused on interfirm collaboration, three organizational forms had to be left out. 'Mergers and 
acquisitions' are impossible in the case of industry-science collaboration, and 'research alliance' is 
considered to be an umbrella-term (Millson et a/., 1996). 'Networking' refers to an informal activity, while 
the focus of the present study was set on formal collaboration. The remaining institutional arrangements 
were examined in the light of industry-science collaboration literature. Especially the insights of Perkmann 
and Walsh (2007), who addressed the diffusion and characteristics of collaborative university-industry 
relationships, helped to redefine 'educational acquisition' into 'temporary employment of an academic' in 
order to emphasize the mobility aspect, and to include 'consultancy and advice' as an institutional 
arrangement. As a result, the list for the present study encompassed 8 institutional arrangements (for 
working definitions, see § 5.1): (i) buy a license or patent, (ii) research consortium, (iii) research funding, 
(iv) research joint venture, (v) minority equity in an academic spin-off, (vi) temporary employment of an 
academic, (vii) consultancy and advice, and (viii) contract R&D. However, next to the institutional 
arrangement, a transfer channel also encompasses coordination procedures. These 'soft' managerial 
aspects are expected to affect outcomes as well (Bonaccorsi and Piccaluga, 1994). In line with them and 
reaching back to the process construct as it was defined by Wood and Gray (1991) stating that it should 
describe and capture the actual dynamics of the collaboration, the communication and control aspects (cf. 
Nobel and Birkinshaw, 1998), in their broadest sense, are subjects for the empirical work.
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Performance Indication: Collaboration and its Impact on the Firm's R&D-Project
Regarding the outcomes construct, the distinction has to be stressed between, on the one hand, the 
performance of the collaboration and the knowledge transfer, and on the other that of the firm's internal 
R&D-project. As it was discussed, it is assumed that a firm, before it starts to collaborate with a scientific 
institute, internally already observed to face a gap in its existing knowledge base and also identified which 
knowledge it would need to reach its objective. Since nearly all R&D-activities are organized in projects, 
collaboration is expected to take place in the framework of the internal R&D-project. However, once the 
collaboration with the external partner has ended, the internal project can still continue. Concerning the 
outcomes construct, this means that it would be best to measure the performance of (i) the collaboration 
with as main activity the knowledge transfer, and (ii) of the internal R&D-project to see the impact of the 
external knowledge. It could occur, for example, that despite good collaboration results, the internal R&D- 
project still fails, or visa versa. Based on this observation, the criteria used for knowledge transfer are 
often relatively easy to identify (Pinto and Mantel, 1990). Concerning the technical criteria, the quality of 
the knowledge transferred should be (at least) satisfactory. Moreover, it should meet the objectives that 
were initially agreed between the collaborating partners. However, next to these technical criteria, several 
non-technical criteria that are related to the collaboration itself have to be formulated. Based on examples 
of Fey and Birkinshaw (2005), who explained the difference between short-run efficiency and long-run 
effectiveness measures for R&D, and Szulanski's (1996) research on sources of stickiness in knowledge 
transfer, two basic criteria can be formulated: is the knowledge supply on-time and does the collaboration 
stay within the ex ante, agreed budget?
Next to qualitative insights into the technical and non-technical collaboration performance, these 
insights for the performance of the firm's R&D-project are interesting as well. By means of obtaining such 
indications, it would be possible to observe to what extent the transferred scientific knowledge had a 
concrete impact on the success of the R&D-project. However, some caution has to be preserved.20 
Regarding the selection of the technical criteria, the distinction of Brown and Svenson (1998) between 
'output' and 'outcome' is an interesting starting point. While output typically include patents, new 
products/ processes, publications, new facts, and insights, outcome refer to the accomplishments that 
have value for the firm (examples are sales improvements, cost reduction and capital avoidance). Even 
though both categories consist of criteria for results that evolve from a R&D-project, outcome refer to 
those that normally only become visible on firm level in the longer-term, whereas output are directly 
evident. Therefore, a focus on latter type of criteria is more appropriate; however, their applicability was 
stated to depend on the nature -  i.e. research or development -  of the project (Kerssens- van Drongen 
and Bilderbeek, 1999). In general, the output of a development project is a new product or a new process 
in use. Output of research projects, on the other hand, can be new facts, publications or patents, or an
20 It has to be reminded that due to the focus on the collaboration, it is impossible to obtain a complete picture of all 
dynamics of the R&D-project that might have affected its performance as well. For a discussion, see § 5.5.
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ability to use certain equipment (Christensen, 2002b). The chance that an internal R&D-project will 
eventually result in such output, however, depends on its prospects that are often monitored in the firm 
(§ 3.2). Once these prospects are pessimistic, the project will be temporary put on-hold or permanently 
stopped. Accordingly, for unfinished R&D-projects, the fact that it is still running in the firm is to be seen 
as a positive technical performance. In addition, the extent to which the external knowledge contributed 
is qualitatively assessed to obtain a complete picture of the project's technical performance.
A last set of criteria -  focusing on the non-technical results of the internal R&D-project -  were 
formulated based on a paper by Christiansen and Vendolo (2003). In their research, they studied the 
dynamics of collaboration between firms and universities and tried to find out what factors lead to success 
for firms. They identified that reputation and trust building play an important role in such collaboration. As 
a result, Christiansen and Vendolo developed a process-oriented model for critical activities in building 
reputation, which is decisive for the level of trust that is created. If a partner during interactions manages 
to successfully negotiate on expectations and to demonstrate its knowledge and competence, its project 
management skills, and its reliability and responsibility, partners might 'become friends'. Accordingly, a 
positive reputation is built and a high level of trust created. In those cases, the collaboration can indeed 
result in great successes. On the contrary, if a firm obtains a negative reputation, only a low level of trust 
is established, which, especially regarding future interactions can have negative consequences. Therefore, 
the importance of both elements for future R&D-collaboration is emphasized in the article of Christiansen 
and Vendolo. The performance measurement of the non-technical results obtained from the R&D-projects 
is accomplished in the present study in line with that notion. In other words, reputation building and trust 
are considered to be possible outcomes of the R&D-project. As a result, the role of reputation and trust 
building in the establishment and progression of the R&D-projects and collaboration empirically studied 
will, also owing to the focus on formal collaboration, not be explicitly addressed. The trust and reputation 
build at the end of the R&D-project will be qualitatively assessed; where a high level of trust will increase 
the firm's network of potential academic partners to collaborate with, an increase in reputation makes the 
firm a more attractive for academics to work at and for external partners to collaborate with.
If all sets of criteria are summarized, the following overview can be made for the present study:
Collaboration/ Knowledge Transfer Impact on the R&D-Project
Technical
Criteria
'OUTPUT'
Quality of the knowledge obtained 
Realization of the agreed objectives
'OUTCOME'
Application of the external knowledge 
Continuation of the internal activity
Non-Technical
Criteria
'PROCESS'
Process's elements on-time 
Resources within budget
'SOCIAL'
Increase of the firm's reputation 
Increase of the firm's academic network
Figure 4.4: Overview of the performance indication criteria
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4.2-3 Research Questions and Extended Conceptual Framework
With many barriers to collaboration and knowledge transfer that have already been acknowledged in 
literature, it is important to exactly define a number of research questions and outline the underlying 
conceptual framework. This way, the risk of 'reinventing the wheel' is minimized, while the present study's 
contribution to a solution for the problem is maximized. Based on the insights gained in the preceding two 
paragraphs -  i.e. the definition of the concrete research direction by building a conceptual framework and 
an exploration of the context components with a focus on the chemical industry -  the final research 
questions and conceptual framework can be defined. For both, notions that were earlier introduced are 
used and reformulated. As a result, the research question as it was posed on page 4 is refined, while the 
conceptual framework (p. 87) is extended with the conceptualizations of the previous section.
Research Questions
At the end of the first paragraph in the first chapter of this book, a rather general research question 
was posed. This question that originated from a contemporary practical problem guided the subsequent 
exploration of environmental elements like the Dutch polymer sector, the industrial innovation process, 
and the changes that occurred in R&D of large chemical firms. It was formulated as follows:
Which organizational arrangements for industry-science collaboration suit the knowledge transfer 
processes in the Dutch chemical industry best?
While the exploration, on the one hand, provided a detailed insight into nature of the collaborative 
partners and their environment, on the other, it resulted in a framework that brought about a focus in the 
present research. However, the existing research question is inadequate to guide the empirical work as 
well: new, more precisely formulated research questions are required to be able to make the right choices 
regarding the methodology. Accordingly, the following two research questions have been formulated:
1. What are the characteristics o f industry-science collaboration in the Dutch chemical industry?
2. What is the relation between the transfer channel applied and the performance o f the collaboration, 
taking into account the R&D-project in which it occurs and the nature of the knowledge involved?
The first research question refers to the choices that have been made in the process that resulted in the 
definition of the research direction. This resulted in five assumptions (see § 5.1), for example, regarding 
the role of the scientific institute during collaboration. The second question should bring about a detailed 
insight into industry-science collaboration and resulting knowledge transfer processes that is considered to 
be necessary in order to provide powerful recommendations for improvements.
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The Extended Conceptual Framework
With two research questions defined, it is essential to recall the conceptual framework and extend it 
with the conceptualizations (§ 4.4-2). In the framework (p. 87), the three components of the context in 
which knowledge transfer takes place during industry-science collaboration were addressed: (i) the R&D- 
department as the receiving unit, (ii) all technical input needed to realize an innovation as the knowledge 
involved, and (iii) collaboration to facilitate knowledge transfer from a scientific institute as the 
relationship. A further exploration of the components while taken into account the dynamics of firms in 
the chemical industry resulted in a conceptualization for each context component. In the case of the R&D- 
department, four objectives that this department has to fulfill were identified. Since these R&D-objectives 
are realized by means of projects in which collaboration takes place, the R&D-department (as receiving 
unit) is further conceptualized as a R&D-project that is aimed at (i) technical competence leveraging, (ii) 
technical competence building, (iii) incremental innovation, or (iv) discontinuous innovation. Accordingly, 
characteristics of the R&D-project that reflect the structural embeddedness (i.e. conditions and resources) 
and content embeddedness, referring to the motivation to collaborate, of the collaboration will be studied. 
For the knowledge involved, it was argued that a firm determines based on its available knowledge base 
which knowledge flow from a scientific institute is required in order to obtain the complete input needed 
for an innovation. Concerning the relationship, a focus on formal collaboration was selected and a transfer 
channel was considered to have an institutional arrangement and coordination procedures. Finally, the 
performance indication should map the collaboration outcomes as well as the impact of this process on 
the R&D-project in which it took place. The indication includes both technical and non-technical criteria. 
The conceptualizations together lead to the following extended conceptual framework (figure 4.5):
PRECONDITIONS
t < tstart collaboration
PROCESS
tstart collab. — t — tend collab.
OUTCOMES
t > tgnd collaboration
R&D-project in the firm 
aimed at (i) technical 
competence leveraging, 
(ii) technical competence 
building, (iii) incremental 
innovation, or (iv) 
discontinuous innovation
Structural and Content 
Characteristics
/
Knowledge Base Available 
and the Flow Required
Formal collaboration to 
facilitate knowledge 
transfer from the 
scientific institute to the 
firm
Institutional Arrangement 
(8 arrangements selected) 
&
Coordination Procedures 
(control & communication)
Performance indication of 
the collaboration and its 
impact on the R&D- 
project
Technical Criteria 
(output & outcome)
&
Non-technical Criteria 
(process & social)
Figure 4.5: Extended conceptual framework
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4.3 Conclusions and Outlook
A repeated observation has been in literature that no general theory of collaboration exists. The majority 
of studies have tried to clarify collaboration by applying and extending existing theoretical perspectives. It 
is unlikely, however, that any single theory can fully explain the complexities of collaboration. Accordingly, 
it is needed to apply a multi-theoretical perspective in order to provide a comprehensive framework for 
understanding the nature and dynamics of any form of collaboration. It was argued in literature that a 
building block for the development of such a framework is the use of a model for collaboration, which 
articulates three constructs: its preconditions, the process through which it occurs, and its outcomes. 
Since industry-science collaboration is, for the greater part, employed as means to transfer knowledge, 
the conceptualization of the constructs were clustered around this process. Based on the basic elements 
as they are identified in the linear knowledge transfer model and theoretical thoughts of Argote et a. 
(2003; p. 573) on ways to improve the effectiveness of knowledge transfer, a conceptual framework was 
constructed. Since large differences in the organization of R&D in chemical firms took place, their point of 
view was chosen. As a result, in the conceptual framework, the preconditions construct (i.e. insights into 
the conditions and resources that make collaboration possible and motivate partners to participate) was 
argued to cover the properties of the R&D-department -  further refined to the type of R&D-project -  and 
the knowledge involved. The classification of the knowledge involved as a precondition was based on the 
assumption that firms identify which knowledge they need to complete their internal R&D-project before 
they start to collaborate. The process construct focuses on the dynamics of the collaborative relationship. 
To obtain a complete as possible insight into the performance, the outcomes construct includes criteria for 
the collaboration and the internal R&D-project in which it occurred.
The End o f the Theoretical Background and the Start o f the Empirical Study
The constructed conceptual framework underpins the -  so far in literature missing -  exploration of 
when the properties of the receiving unit, of the knowledge involved, and of the relationship fit each other 
and when they do not in case of industry-science collaboration. The resulting insights into unsuccessful 
and successful configurations offer the opportunity to reveal mechanisms through which the outcomes are 
affected by the three context components. A contribution to literature and recommendations for chemical 
firms and governments can be made once interpreted. To frame the empirical study, the surrounding 
elements -  the Dutch chemical sector, models of innovation, the nature of the collaborating partners, 
perspectives on collaboration, and the barriers to industry-science knowledge transfer -  were extensively 
explored in the theoretical part of this study. The actual elements to study empirically, on the contrary, 
were only broadly conceptualized taking into account the firms under consideration. This should guide the 
empirical work, but not determine it; all underlying working assumptions first have to be validated, and in 
addition, room should be left for emerging themes and new research directions.
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Empirical Research Design:
Qualitative Case Study Research 
by
Semi-structured, In-depth Interviews
In this fifth chapter, the research design for the empirical work is introduced. Based on the insights o f the 
theoretical part of this study, four issues are discussed: the research strategy, the case selection, the 
method for data selection, and the data analysis and case reporting. First, however, the assumptions on 
which the conceptual framework was based are presented and the working definitions are listed.
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Introduction
In chemistry, (nearly) all students become acquainted with the experiment as research strategy. During 
their education, they learn to design, set-up and complete their own experiments which usually comprise 
of chemical reactions on a small (microgram) scale. In the social sciences, however, the experiment is 
only one out of a small number of research strategies. Two very popular strategies are the survey and the 
case study. An important difference between, on the one hand, the experiment as it is accomplished in 
the lab and, on the other, the survey and case study, is that the latter two study their subject of research 
in its real life context. Even though this approach has clearly quite a few benefits, it also brings along a 
number of challenges; if one strives for accomplishing research properly, it is essential to address these 
issues and deal with them accurately. Consequently, the five working assumptions and related definitions 
(§ 5.1), the research strategy (§ 5.2), the case selection (§ 5.3), the method of data selection (§ 5.4), 
and the data analysis (§ 5.5) are successively discussed in this chapter.
5.1 Working Assumptions and Definitions
It is nearly impossible to construct a conceptual framework and define a research focus without making 
delineating choices. This selection has to be well-founded and lead to a rigor and relevant research 
approach. During this process, a number of assumptions have been made and several elements defined. 
However, these definitions are tentative and the assumptions are merely working assumptions; in other 
words, if the empirical definitions turn out to be completely different, or the suppositions are too far from 
reality, these concepts need to be changed. Consequently, it is important to clearly list the most vital 
choices and refer to the related paragraph in this thesis. For this study, five working assumptions were 
formulated: two for the construction of the conceptual framework -  which dealt with the role played by 
scientific institutes in the innovation process and the way the knowledge involved is dealt with by firms -  
and another three for the conceptualization of the context components (table 5.1).
Table 5.1: Overview of the study's working assumptions
Nr. § Working Assumption Reasoning
1 3.1-1
The scientific institute has only a knowledge supplying role, 
no suggesting role for new R&D-projects
Firms are hesitant for technology­
push and believe in market-pull
2 4.1-1 Various 'receiving unit-knowledge-relationship' 
configurations can be found in chemical firms
Theorizing efforts & empirical 
indications (e.g. Colyvas, 2002)
3 4.2-2
The contribution of the R&D-department to the firm is 
realized by meeting 4 R&D-objectives
Its roles: contribute to innovation & 
maintain the knowledge base
4 4.2-2 Collaboration having a possible impact on a chemical firm's 
competitive advantage is formal (i.e. are contract-based)
Aspects of IPR and secrecy are of 
the highest importance to firms
5 4.2-2 The knowledge involved during the collaboration can be 
considered as part of the precondition construct
Firms identify before collaboration 
what they have and need
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In addition, a number of key aspects that need to be discussed during the empirical work (divided in four 
groups: 1= study objects; 2= R&D-objectives; 3= institutional arrangements; 4= sets of performance 
indication criteria) were tentatively defined (table 5.2). All interviewees were supplied with the definitions 
of group two and three before the interview (the method for data collection is discussed in § 5.4). If a 
difference was perceived in the understanding of the study objects, the definitions of group one were 
shared; this, however, hardly occurred. The classification of the performance indication categories were 
not shared with the interviewees, but rather incorporated in the questions of the interview guides used.
Table 5.2: Overview of working definitions
Group Element Working Definition (mentioned on page)
1
R&D-project A temporary endeavor, with a specific begin and end date, undertaken to 
achieve ex ante defined goals with an ex ante defined budget (p. 56)
Collaboration
A temporary, contractually formalized endeavor with a scientific institute to 
exchange knowledge, alter activities, share resources, and enhance the 
capacity of another for mutual benefit and to achieve a common purpose (p. 
69)
Technical competence 
building
Proactively explore new technologies to provide the knowledge base with new 
input and build corresponding new competences (p. 89)
Technical competence 
leveraging
The adaptation of a firm's existing technical knowledge base and related 
competences to current or new market opportunities (p. 89)
2
Discontinuous
innovation
Has the potential (i) for a 5-10 times improvement in performance compared 
to existing products, (ii) to create the basis for a 30-50% reduction in costs, 
or (iii) to have new-to-the-world performance features (p. 45)
Incremental
innovation
Involves the technological adaptation, refinement, and enhancement of 
existing products or processes in existing markets (p. 44)
Research consortium A firm participates in a consortium of more than one scientific institute and 
more than 1 other (chemical) firm
Research joint venture
A firm establishes a research joint venture with a scientific institute and a 
separate research entity is created
3
Minority equity in an 
academic spin-off
A firm buys an equity in an academic spin-off (/ spin-out), but does not have 
any management control
Contract R&D A firm pays for a requested, definite piece of work at a scientific institute
Temp. Employment A firm temporary employs (an) academic(s)
Buy a license or patent A firms buys a license or patent from a scientific institute
Consultancy & Advice A firm consults an academic on his/ her existing knowledge for a definite issue
Research funding A firm funds exploratory research at a scientific institute
Output
collaboration; technical
- Quality of the technical knowledge obtained
- Realization of the agreed objectives
4
Process
collaboration; non-tech.
- Process's elements on-time
- Resources within budget
Outcome 
impact; technical
- Application of the external knowledge
- Continuation of the firm's internal activity
Social
impact; non-technical
- Increase of the firm's reputation
- Increase of the firm's academic network
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5.2: Research Strategy
Yin (1994) distinguishes five major research strategies -  experiments, surveys, archival analysis, histories, 
and case studies -  of which each, following its own logic, 'is a different way of collecting and analyzing 
empirical evidence' (p. 3). In determining the most suitable strategy, three factors should be considered: 
(1) the type of question to be answered, (2) the extent of control over behavioral events, and (3) the 
degree of focus on contemporary as opposed to historical events. The first factor is the most important 
for differentiating between the various research strategies (Yin, 1994; Newman and Benz, 1998). Table
5.3 summarizes different kinds of questions and shows which method is in each case considered to be the 
most appropriate. While 'how' and 'why' questions are likely to favor the use of case studies, histories, 
and experiments as the preferred strategies, 'who' and 'where' questions can be investigated through 
surveys and archival analysis. The aim of these latter kinds of questions is often to obtain a description of 
the frequency or prevalence of a certain phenomenon. Research questions that mainly focus on 'what' can 
be classified into two groups: these questions are either exploratory or about incidence. For questions of 
the latter category, 'what' in most cases actually refers to 'how much' or 'how many'. This leads to a 
preference for the analysis of archival records or surveys. The former type of 'what' questions is a 
justifiable rationale for conducting an exploratory study. The aim of such research is to develop pertinent 
hypotheses and propositions that can be used as input for further investigation. When considering the 
research questions that are central to this thesis (p. 98), it can be concluded that these are exploratory 
types of 'what' questions. For this type of question, however, any of the five research strategies can be 
used (Yin, 1994) and therefore no direct, well-founded choice for the research strategy can be made.21 As 
a result, it is necessary to consider the two other factors (i.e. the extent of control over behavioral events; 
the degree of focus on contemporary events) as well.
Table 5.3: Relevant situations for different research strategies (Yin, 1994; p. 6)
Research strategy
Form of research 
question
Requires control over 
behavioral events?
Focuses on
contemporary events?
Experiment How
Why
Yes Yes
Survey Who
Where
No Yes
Archival analysis
How many 
How much No
Yes/
no
History
How
Why
No No
Case study How
Why
No Yes
21 Not all scholars agree with this; they discuss a 'natural' link between aim and strategy (cf. van der Zwaan, 1992)
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Regarding the factor that involves the extent of control over behavioral events one research strategy 
differs from the other four: only in the case of an experiment, control over behavioral events is required 
by the investigator. When considering the subject of the present study, it can be argued the researcher 
has no control over the events: he is not able to influence the (collaborative) behavior of both partners. 
As a result, the experiment has to be dropped as alternative. The four remaining strategies do not require 
this control and thus the third factor (i.e. the degree of focus on contemporary events) must be taken into 
account. One strategy differs: in the case of the historical method, there is no focus on contemporary 
events. The historical method is the preferred strategy when there is nearly no access to relevant persons 
to report, even retrospectively, what occurred (Yin, 1994). The researcher has thus to rely on primary and 
secondary documents, and cultural and physical artifacts as the main sources of evidence. Since there is 
very much interest in the subject of industry-science collaboration these days, access to contemporary 
events should be possible. A focus on solely documents and artifacts is thus not necessary, which makes 
histories to be not the preferred method. This argumentation also holds for archival analysis, whereby the 
investigator examines the accumulated documents or archives on a certain subject. Consequently, two 
research strategies remain available to select for this thesis: the survey and case study. Although these 
approaches do not show any differences on the factors as they were defined by Yin (1994), on other 
factors they do. The most basic aspects on which they differ are: (a) the number of instances from which 
data are collected for the analysis, and (b) the method of data analysis (Dul and Hak, 2008). While a 
survey draws conclusions on the basis of a quantitative (statistical) analysis of data from a population 
with a large number of instances, case research draws conclusions on the basis of a qualitative analysis of 
scores from one single instance (single case) or from a small number of instances (comparative case).
Selection of the Case Study Approach
While the case study is a typical example of a research strategy that is used to accomplish qualitative 
research, surveys are often applied to conduct quantitative research (Creswell, 1994; Kumar, 1999). The 
choice between qualitative and quantitative research basically depends on the information an investigator 
would like to obtain (Schylander, 2004). In quantitative research, a researcher is predominantly interested 
in a measurement and analysis of a causal relationship between chosen and very well defined variables 
(Denzin and Lincoln, 1994). The survey refers to a group of strategies that emphasize this quantitative 
analysis, where data for a large number of instances are collected through methods such as (mail) 
questionnaires, or from published statistics. These data are subsequently analyzed using statistical 
techniques and, by studying a representative sample of instances, the survey approach seeks to discover 
relationships that are common across instances in order to be able to provide generalizable statements 
about the subject of study (Gable, 1994). However, the 'stripping' of the context -  i.e. reduced model 
complexity through the use of a closed survey instrument -  buys a quantitative researcher testability, but 
it does so at the cost of a deeper understanding of what actually is happening (Kaplan and Duchon,
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1998). In qualitative research, in contrast, the investigator is predominantly interested in the meaning and 
understanding of a studied phenomenon (Merriam, 1998). For this type of research, data are collected 
from a small number of instances by means of methods like participant observations, in-depth interviews, 
and longitudinal studies. The case study approach provides the opportunity to ask insightful questions and 
to capture the richness of subject of study by investigating it within its real life context (Yin, 1994). For 
the present study, this approach suits the aim best: in order to explore the component's properties and to 
obtain a detailed insight in the relations as well as the underlying mechanisms by which the outcomes are 
affected, an exploratory, qualitative case study approach at the level of the project -  collaboration with a 
scientific institute is expected to be framed in a R&D-project (§ 4.4-2) -  is chosen as the strategy to be 
used in the present study. Compared to the other strategies, the case study has the highest potential to 
provide a deep understanding of the 'receiving unit-knowledge-relationship'-configurations (Fay, 1996).
After selecting case research as the preferred strategy, the question arises what its disadvantages 
are. Although interest in the case study as a method for generating and testing theory has increased in 
management research recently (e.g. Eisenhardt and Graebner, 2007; Siggelkow, 2007), the approach has 
been prone to concerns regarding methodological rigor in terms of validity and reliability (e.g. Daft and 
Lewin, 1990). This lack of rigor is problematic for two reasons. Firstly, case studies are considered most 
appropriate as tools in the critical, early stages of new theory development, when key variables and their 
relationships are being explored (Eisenhardt, 1989). A rigor problem in these early stages could therefore 
have 'ripple effects throughout later stages when relationships between variables are elaborated and 
tested' (Gibbert et a/., 2008; p. 1465). Secondly, case studies deal with actual management situations and 
are thus typically carried out in close interaction with practioners. Although this makes the approach 
ideally suited to creating managerially relevant knowledge (Amabile et a/., 2001), it has been argued that 
relevance in management research cannot be claimed without rigor (Scandura and Williams, 2000). As a 
result, four criteria should be met to ensure validity and reliability when accomplishing case research (Yin, 
1994). Construct validity refers to the quality of the conceptualization or operationalization of the relevant 
concepts. As such, it assesses how correct the operational measures established by the researcher are for 
the concepts being studied. Internal validity refers to the causal relationships between the variables and 
results. Here, the issue is whether a conceivable causal argument or logical reasoning is provided by the 
researcher that is powerful and convincing enough to defend the causal relationship. External validity is 
the extent to which the results can be generalized beyond the immediate research case. The method of 
generalization for case studies is, however, not statistical but analytical generalization. This is a process in 
which a previously developed theory is used as a template with which to compare the empirical results of 
the case study: if two or more cases are then shown to support the same theory, replication can be 
claimed. Reliability is the extent to which the same result is achieved when a study is conducted along the 
same steps again. Although the four criteria are common to all social science methods, specific tactics are 
suggested for case research (Yin, 1994; Gibbert et a/., 2008); an overview can be found in table 5.4.
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Table 5.4: Case study tactics for four design tests (based on Gibbert et a!., 2008; p. 1467)
Criterion Case Study Tactic §
Construct
validity
Data triangulation & Clear chain of evidence
tactics are fully explained in 'Method for data collection'
5.4
Review of transcripts and drafts
by peers (no co-authoring academics) & key informants (working at firm investigated)
5.5
Indication of data collection circumstances 
explanation how access to data has been achieved
5.3
Check for circumstances of data collection vs. actual procedure 
reflection of how actual course of research affected data collection process
5.3
Explanation of data analysis
clarification of data analysis procedure
5.5
Internal
validity
Research framework explicitly derived from literature
diagram or explicit description of causal relationships between variables and outcomes
4.2
Pattern matching
matching patterns identified to those reported by other authors
7.2
Theory triangulation
different theoretical lenses and bodies o f literature used, either as research framework, 
or as means to interpret findings
3.1, 3.2,
4.1, 4.2
External
validity
Cross case analysis
multiple case studies (different firms) vs. nested approach (within one firm)
7.1, 7.2
Rationale for case study selection
explanation why this case study was appropriate in view of research question
5.3
Details on case study context
explanation of for example, industry context, financial data, business cycle
2.1, 2.2
Reliability
Cases study protocol
report of there being a protocol, report of how the entire case study was conducted
5.4
Case study database
database with all available documents, interview transcripts, archival data, etc.
5.4
Organization's actual name given
actual name to be mentioned explicitly -  as opposed to anonymous
App. C
Moreover, the so-called researcher bias has been mentioned as a fifth criterion that has to be addressed 
to ensure methodological rigor. In qualitative case studies, the researcher is himself the instrument and is 
often allowed much latitude in his personal interpretation (Johnson, 1997). This latitude may cause 
research to result in merely an assembly of anecdotes and personal impressions which are strongly 
dependent on the bias of the researcher. In order to minimize these effects, it is important to subject all 
findings to multiple judges to evaluate whether they appear to be logical and free from prejudice. In this 
study, the results were therefore often reflected upon with both scholars and practitioners.
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5.3: Case Selection for Conceptual Categories
According to the roadmap for building theories from case study research of Eisenhardt (1989), the step 
after 'getting started' -  including activities as the definition of the research question, possibly a priori 
specification of constructs, but neither defining a theory under consideration nor hypotheses to test -  is 
the selection of cases. In this second step, the concept of a population plays a central role, because the 
population defines the set of instances from which the research sample is to be drawn. Moreover, the 
selection of a proper population controls unrelated variation and sharpens the external validity of the 
study. Theoretical, not random, sampling is also important during this second step. These efforts should 
focus on theoretically useful cases which are cases that replicate or extend emergent theory by filling 
conceptual categories (Yin, 1994). In the present study, a case refers to collaboration that takes place in 
an R&D-project of a firm in the Dutch chemical industry with a scientific institute. The cases sampled in 
the present study should together fill four conceptual categories that reflect the four objectives an R&D- 
department has to realize with its projects to contribute to a firm's performance: (i) technical competence 
leveraging, (ii) technical competence building, (iii) incremental innovation, and (iv) discontinuous 
innovation. However, these four conceptual categories as well as the focus on formal collaboration, the 
role of the scientific institute, and the use of technical knowledge were based on an exploration of existing 
literature (§ 4.4-2). To reveal inadequacies in the initial design for exploratory case studies and to help 
further articulating it, an interview-based pilot study is often recommended (Yin, 1994; Tellis, 1997). A 
pilot study was therefore conducted before sampling and investigating the cases. Because the pilot study 
should also result in access to the cases, it was important to show up well prepared at the interviews. The 
pilot study (1st round; figure 5.1) was for that reason preceded by a small interview round (0th round; 
figure 5.1) in order for the researcher to become acquainted with the interviewing technique. The author's 
notions on the themes discussed during these first four interviews -  the research aim, the feasibility of 
the study, and the general impression of the chemical industry -  did not significantly change them, 
although the interviews certainly helped to further sharpen his understanding.
0th round (n=4): 
'Field Experts'
Themes:
1. Research Aim
2. Feasibility Study
3. Industry
1st interview round (n=11): 
'R&D Managers'
Themes:
1. R&D-objectives/ -portfolio
2. Transfer channels used
3. Knowledge involved
4. Configuration variety
2nd interview round (n=36): 
'Project Managers'
Themes:
1. R&D-project
2. Transfer channel (detail)
3. Knowledge (detail)
4. Performance indication
Figure 5.1: Research design
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Interview Round 1: R&D-Managers
The unit of analysis in this research is industry-science collaboration that occurs in R&D-projects of 
firms in the Dutch chemical industry. As a result, cases of collaboration had to be selected for study in the 
second round of interviews (figure 5.1; p. 108). To obtain access to such cases, however, one firstly 
needs to identify them since this is not easily done for outsiders. For that reason, our initial focus was on 
firms that are a partner of the Dutch Polymer Institute (DPI), a Leading Technology Institute that was 
founded by the Dutch government in 1996 to stimulate interaction between industry and science. The 
partnerships of these firms gave an indication that they, on the one hand, are involved in polymeric 
material research and, on the other, are interested in developments at scientific institutes. However, since 
many firms are a partner of the DPI, further selection criteria could and had to be made. Two additional 
criteria finally resulted in the selection of 11 multinational firms. These criteria were based on factors that 
have been reported to disturb integrated theory building efforts of scholars of the organization-oriented 
perspective. Three interfering factors have been identified: the industrial sector, the size of the firm, and 
the type of innovation (Souitaris, 2002). Whereas the first was already addressed by focusing on the 
polymer industry, the variation in the remaining factors should also be minimized as much as possible. In 
relation to the type of innovation, a distinction was already made between incremental and discontinuous 
innovations. This ensures they are separately studied. However, in order to further delineate the types of 
innovation, only firms were selected that are involved in the DPI technology areas 'functional polymer 
systems' and 'engineering polymers'. These areas are expected to cluster firms that predominantly give 
rise to innovations in the specialty polymer segment, thereby further increasing the resemblance for this 
interfering factor. Regarding the size of the firm, selection automatically took place. The polymer industry 
consists of a number of large, multinational firms and many small/ medium sized highly specialized firms. 
The latter category, however, generally lacks financial resources to participate in the DPI. Multinational 
firms are therefore expected to be more inclined to spend (large) financial means on collaboration with 
scientific institutes; those with a sizeable (> 40 FTE) R&D location in the Netherlands were selected.
After the identification of the firms, the next step was to decide who should be interviewed for the 
pilot study. Regarding the themes to be discussed in order to address the working assumptions (table 5.1; 
p. 102) -  i.e. the R&D-department's objectives, the transfer channels applied and the technical knowledge 
involved during collaboration, and the division of roles between scientific institutes and firms -  interviews 
with R&D-staff from a strategic or tactical level (Hax and Candea, 1984) were considered suitable in this 
phase. These employees should be knowledgeable about both the firm's internal R&D-activities and the 
firm's position with regard to collaboration with scientific institutes. Moreover, they are presumably able, 
based on their experience, to supply information on other relevant themes that could give rise to new 
insights and directions; a flexibility that is required according to Eisenhardt (1989). These considerations 
resulted in the approach of the employees of the selected firms that are a member of the DPI-council, 
which is the representative body of the participants. Each participant, both firms and scientific institutes,
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has one member and one vote in this council. The DPI-council mainly has institutional powers and is not 
involved in the daily operation of the DPI. Because of the support of the Dutch Polymer Institute as 
sponsor in the MICORD research program (see preface), the council members of the selected firms were 
without great difficulties identified and approached; each firm agreed on an interview (more details in § 
5.3). Next to the objective of gaining a preliminary insight into the properties of, and the mutual relations 
between, the R&D-department as receiving unit, the technical knowledge involved and the relationship 
applied for industry-science collaboration, the interviews of the pilot study also resulted in access to the 
actual cases to be studied during the second round of interviews.
Interview Round 2: Project Managers
This round of interviews encompassed the investigation of concrete cases (i.e. collaboration that takes 
place with a scientific institute within an R&D-project of a firm in the Dutch chemical industry) in the four 
defined conceptual categories that reflect the objectives of an R&D-department: (i) technical competence 
leveraging, (ii) technical competence building, (iii) incremental innovation, and (iv) discontinuous 
innovation. The results of the first interview round are discussed in chapter 6, although two exceptions 
have to be made, referring to results that yielded insights affecting some choices made for the design of 
the second round. The first exception refers to a better definition of the conceptual categories. It turned 
out that the four defined R&D-objectives were generally recognized by the interviewees and could be 
applied to their department. Moreover, while both technical competence leveraging and incremental 
innovations were seen as short-term activities, competence building and discontinuous activities were 
classified as medium- to long-term activities. This division is in line with Roussel et ai. (1991) and implies 
that the R&D-projects accomplished to reach the four objectives can be clustered in a 2x2 matrix (figure
5.2): one dimension reflecting the project's objective (competence-related vs. product/ process related), 
and the other dimension its time horizon for completion (short vs. long; boundary 2-3 years). Because 10 
R&D-managers agreed to participate in the second round of the study, but did not directly provide the 
contact details of the project managers during the interview, the 2x2 matrix could be used as a tool in the 
follow-up discussion by e-mail which took place to sample the cases (§ 5.4).
Objective 
Time Span
Technical Competence Product/ Process
Short
Technical Competence 
Leveraging
Incremental
Innovation
Long
Technical Competence 
Building
Discontinuous
Innovation
Figure 5.2: R&D-project clustering matrix
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The second insight was based on the observation that all interviewees were very clear about the division 
of roles within the projects, in particular if these involved some kind of specific firm knowledge. In such 
cases, an observation of Allen and Cohen (1969) concerning the communication structure with an external 
partner was confirmed. They argued that external communication for research-oriented projects should 
be distributed among team members to maximize a chance of cross-fertilization. For more development­
like projects, in contrast, Allen and Cohen believed a gatekeeper structure to be appropriate due to 
secrecy reasons. Because for most R&D-projects a project manager who was in charge and well-aware of 
the collaboration process could be identified, a 'key informant approach' (Boyatzis, 1998) was chosen as 
method for data gathering. It was expected to be possible to obtain a clear and detailed picture of the 
case studied by interviewing this employee. Moreover, in the light of time constraints, this approach also 
allows to acquire more cases per conceptual category. If, however, a 'key informant' indicated that he/ 
she was not able to answer all questions, additional informants had to be consulted.
Accordingly, each 'R&D-manager' was asked to provide the contact details of four employees that had 
a leading role -  i.e. could be regarded as the 'key informant' -  in an R&D-project in which collaboration 
with a scientific institute took place. Preferably the projects of these four 'project managers' together 
covered the four conceptual categories -  as they were mentioned in the R&D-project clustering 2x2- 
matrix (figure 5.2; previous page) -  so that more or less the same number of cases per conceptual 
category would be obtained. It was reckoned, however, that not every 'R&D-manager' might be able to 
provide a case for each of the four conceptual categories. The case acquisition (by e-mail, using the 2x2 
matrix) therefore occurred consecutively in order to retain some flexibility. Additionally, a case had to 
meet three criteria in order to be included in the research: (i) the manager -  i.e. the key informant -  of 
the R&D-project should be located at the firm's R&D-location in the Netherlands; (ii) (at least one of) the 
collaborative partner(s) should be based in the Netherlands; (iii) the specific collaboration -  and 
preferably the firm's internal project in which it took place as well -  should be recently (<2 years) 
finished. The first two criteria reflect the subject of this thesis. By studying industry-science collaboration 
in the chemical industry with a national focus -  despite this might seem to be contradictory to the 
multinational character of both the industry and its firms -  one is able to gain a detailed understanding of 
the Dutch situation. Moreover, since the assortment of initiatives offered by the Dutch government and 
the legislation to deal with were similar for all R&D-projects, while cross-national cultural differences can 
hardly play a role, tailored recommendations to the firms and governmental parties are likely to be made. 
The third criterion makes it possible to obtain an in-depth, detailed overview of the relation between the 
process, its preconditions and the outcomes. It should provide a precise description of industry-science 
collaboration and related knowledge transfer processes. Moreover, if R&D-projects are studied that were 
finished too long ago, the respondents might have problems remembering the details of the projects, it 
might be impossible to contact them as certain respondents may have left the firm in the meantime, or 
the dynamics of the R&D-environment (e.g. strategy for collaboration) might have been very different.
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5.4: Method for Data Collection
Interviews, either in person (i.e. face-to-face) or via telecommunication (e.g. telephone), are among the 
most familiar methods for collecting qualitative data (DiCicco-Bloom and Crabtree, 2006). Because of their 
wide variety of approaches in common use, interviews have been classified in a number of ways. An often 
applied categorization is between unstructured, semi-structured and structured interviews (Fontana and 
Frey, 2000). In a structured approach, there is a complete script that is prepared beforehand which leaves 
no room for improvisation. These types of interviews are often used instead of questionnaires and written 
surveys in order to produce quantitative data. In an unstructured and semi-structured interview, in 
contrast, there is an incomplete script. A researcher has prepared some questions beforehand, but there 
is some need for improvisation. In case of an unstructured approach, this need is the highest. Here, an 
interviewer begins with a standard question and then uses probing questions to better understand the 
subject's response. When interesting information arises, the interviewer is free to pursue this in greater 
depth. The semi-structured interview shares features with both the structured and unstructured approach. 
A standard set of predetermined open-ended questions is followed which offers an interviewer some 
freedom to pursue greater details when interesting information arises from the dialogue. This allows an 
interviewer to delve deeply into the object of study and obtain in-depth information about it (Minichiello et 
a/., 1996). Moreover, when using a semi-structured interviewing technique, an interviewer can clarify the 
questions and thus reduce the risk of misconceptions. By constantly observing how a respondent reacts 
(e.g. hesitation, body language, etc.) to the questions, an interviewer can decide to continue asking about 
a certain theme, or allow dropping it (Renger and Titcomb, 2002). Semi-structured, in-depth interviews 
are the most widely used interviewing format for qualitative research (Marshall and Rossman, 1999). For 
the present study's aim (i.e. gaining a detailed insight into, the relation between, the receiving unit, the 
knowledge involved, and relationship -  semi-structured, in-depth interviews were deemed to be suitable.
However, the interviewing technique also has several weaknesses. Inaccuracies due to poor recall, a 
bias due to poorly constructed questions, a response bias and 'reflexivity' -  the interviewee gives what the 
interviewer wants to hear -  have been identified as the main difficulties for qualitative interviews (Yin, 
1994; Malterud, 2001). If they are not addressed properly, the obtained information can be biased, 
leading to erroneous insights. This chance increases as one moves from unstructured, to semi-structured 
to structured interview format (Edwards e t a/., 1990). Consequently, to prevent the research from 
resulting in merely an assembly of anecdotes and personal impressions, strongly subject to the bias of the 
interviewer and respondent (Mays and Pope, 1995), three general principles should be followed during 
the data collection: (i) the use of multiple sources of evidence; (ii) the creation of a case study database, 
and (iii) the maintenance of a chain of evidence (Yin, 1994). The rationale for the first key principle is the 
triangulation of evidence; this process of combining data sources allows the researcher to develop 
converging lines of inquiry. In the context of our data collection, triangulation would serve to compare the
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obtained interview data with that from other sources of evidence like archival records, direct observations 
made during the interview, physical artifacts, participant-observations and documentation. This process 
makes findings and conclusions of the research more convincing and accurate. The second principle refers 
to the way of organizing and documenting the data that are collected during case research. Whilst a 
thesis is generally the primary distillation of the case research, a well-ordered collection of the evidence 
base strengthens the repeatability of the research and increases the transparency of the findings. It 
should contain all types of relevant documents, as well as tabular materials, narratives and other notes. A 
closely related tactic is the database protocol which guides the researcher in conducting the research by 
encompassing the field procedures and general rules that should be followed. The third principle -  i.e. the 
chain of evidence -  is to allow an external observer to follow the derivation of any evidence from initial 
research question to ultimate case research conclusions. Moreover, this external observer should be able 
to trace the steps made by the researcher in either direction; that is, from the final conclusions back to 
initial research question, and visa versa.
When the three principles are followed properly, the initial steps in the direction of ensuring quality 
control during the data collection process are made. In particular, they -  next to the other tactics shown 
in table 5.4 (p.107) -  help to deal with the problems of establishing the construct validity and reliability. 
For the present study, the principles have been addressed as best as possible. Regarding data 
triangulation, it was attempted to use as many other sources of evidence as possible concerning the cases 
studied. By repeatedly asking for documentation and archival data -  at the end of the interview and in the 
e-mail contact -  several project proposals, presentations and other documents were received. Moreover, 
by searching the internet, the annual reports of the ten firms studied, a few related press articles and one 
formal evaluation of the Dutch Polymer Institute could be accessed. Nevertheless, because of a high level 
of secrecy that was involved in a considerable number of projects, most interviewees were hesitant about 
sharing minutes of meetings, and progress and end reports that contained confidential information. The 
semi-structured interview technique allows making some observations of the respondents during the 
interviews, resulting in an instant decision to continue asking about a certain theme, or allowing to drop 
it. In addition, directly after an interview had been finished some general (observational) remarks were 
written down. Regarding a clear chain of evidence, efforts were put in making all evidence and findings 
available to a number of trained researchers, who could also access the database and examine the case 
protocol. This way, they could evaluate whether the findings appeared to be logical and free from 
prejudice. Beside this 'academic review', the end results were also discussed with two R&D-managers that 
were previously interviewed in the first round, and presented to the members of the 'public-private 
collaboration' steering group of the Regiegroep Chemie, consisting of seven field experts. In the case 
conclusions differed, a discussion was started to reach consensus. Finally, a database and protocol were 
built. The database included for each conceptual category all interview transcripts, available documents 
and archival data, while the protocol encompassed how the research was conducted.
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The procedure followed during the data collection phase was already partially described (§ 5.3). The 
initial selection of the firms was based on their membership of the Dutch Polymer Institute, which was 
seen as an indication of their interest in developments in polymeric research at scientific institutes. By 
means of a standardized formal letter, the firms' DPI council members were approached and during a 
subsequent telephone conversation an appointment was made for (at least) 1.5 hour at their premises. All 
respondents agreed on such an interview which took place in the summer of 2007. In the first round, four 
key themes were discussed: the role of knowledge and the university, the organization of the firm's R&D- 
portfolio, the transfer channels applied for industry-science collaboration, and the relation between these 
two latter themes. A semi-structured interview protocol was used as guide during the individual face-to- 
face interviews (appendix A). This guide, including a brief description of the research in general, was sent 
by e-mail one week before the interview. This way, the possibility was offered to respondents to prepare 
themselves as some had indicated to wish for. In addition, they could already take notion of the planned 
second round of the study. All interviews were recorded and the insights gained offered a practical field- 
test of the theoretically conceptualized research framework and related working assumptions (§ 6.1). 
Since only one firm decided not to participate in the follow-up research, because it was hesitant to leak 
firm-specific knowledge, 36 cases could be acquired. The actual case acquisition occurred in a follow-up 
discussion by e-mail in which the 'R&D-managers' were provided a one-page summary with the 2x2- 
matrix (figure 5.2; p. 110) and the three selection criteria for the cases (p. 111). The 33 key informants 
identified were contacted by e-email and afterwards the same procedure as in the first round was 
followed. The interviews took place between January and September 2009 and led to detailed 
descriptions of the R&D-project and collaboration. The semi-structured interview protocol (appendix B) 
focused on the details of the R&D-project, the collaboration, the knowledge involved, and the outcomes.
5.5: Data Analysis and Case Reporting
Analyzing data is the heart of building theory from qualitative case study research, but it is both the most 
complicated and the least developed part of the process (Eisenhardt, 1989). Typically a database includes 
a multitude of different evidence from different sources. Data analysis from this rich resource is based on 
examining, categorizing and tabulating the evidence in order to reach an appropriate description of the 
case research (Yin, 1994). However, with more than a thousand pages of transcribed recorded interviews, 
a data overload -  which is typical for qualitative studies -  is very well possible (Miles, 1990). Accordingly, 
several key features of analysis should be taken into account even though they do not give precise details 
of how the process, for example, the definition of categories and the coding of data, is executed. Miles 
and Huberman (1994) defined analysis as consisting of three concurrent activity flows: (i) data reduction; 
(ii) data display, and (iii) conclusion drawing and verification. Whereas the first refers to the process of 
selecting, focusing, simplifying, abstracting and transforming the data of transcriptions, data display refers
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to an organized, compressed assembly of information that permits the latter type of activity. Conclusion 
drawing and verification, in turn, concerns the emerging or inducting meanings from the data and testing 
for their validity, plausibility, and robustness. Eisenhardt (1989) suggests conducting both a 'within-case' 
and 'cross-case' analysis. While the overall idea of the first is 'to become intimately familiar with each case 
as a stand alone entity' (p. 540), the second type 'force researchers to go beyond initial impressions, 
especially through the use of structured and diverse lenses on the data' (p. 541). Since most of the case 
research does not lend itself for statistical analysis, a researcher has to rely on experience and creativity 
as well as literature to present the evidence in different ways, using various interpretations (Yin, 1994).
For this research, the analysis of the first round results -  more than 15 hours of integrally transcribed 
in-depth interviews -  was primarily aimed at exploring the types of R&D-objectives, the transfer channels 
used for industry-science collaboration, and their mutual relationship. In addition, it was directed towards 
pinpointing preliminary explanations for this relationship and to produce, as far as possible, relevant new 
understandings which could help to refine the tentative framework for the actual case research. For the 
analysis of the results of the second round -  over 55 hours of integral transcribed in-depth interviews, 
many field notes, and several documents -  the work of Miles and Huberman (1994) was followed. A 
matrix was used as a display format for the analysis of the qualitative data. At first, by multiform data 
entries such as short blocks of text, quotes, phrases, and symbolic figures, data from 20-30 pages of 
integral transcription per interview was packed into a single page. This allowed for exploratory eyeballing 
the data. By handling the data multiple times in an structured way, a researcher gets a feel for the text, 
which is known as one of the best ways to begin hunting for patterns in qualitative research (Boulton and 
Hammersley, 1996). After obtaining a feel for the themes and the relations among them, the matrix's 
defined rows and columns were slightly changed -  creating a good display format usually requires a 
number of iterations (Miles and Huberman, 1994) -  to carry out the detailed analysis and combine data 
from cases within one conceptual category. Accordingly, the data displayed became more abstract: there 
were, for example, no more quotes and generalizations appeared. This allowed for comparison with 
similar matrices from other categories and more causal explanations; in this process, at first the relations 
to be discovered between the preconditions (i.e. the characteristics of the receiving unit and knowledge 
involved) and process (i.e. the transfer channel) were central. In practice, this implied a focus on the 
relations between, on the one hand, the various projects running in the R&D-departments to meet the 
four types of R&D-objectives and the knowledge base available and flow required, and on the other, the 
institutional arrangement and coordination procedures for the collaboration with the scientific institute.
The performance indication was taken into account in a later stage, once the initial relations had been 
revealed. The data received for each case on the outcome construct was utilized to obtain an insight into 
the 'fit' or congruence between the three context components in which knowledge transfer occurs. Due to 
the qualitative approach of the study and the central focus on the collaboration and its preconditions, 
however, two important comments have to be made. Firstly, owing to the described focus described it is
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impossible to obtain a complete picture of all dynamics -  i.e. primarily of those after the collaboration has 
ended -  of the internal R&D-project. Accordingly, it is possible that decisions made or events that 
unexpectedly took place within the project affected the project's performance irrespective of the success 
of the collaboration. For that reason, the performance indications have to be used carefully. Second, while 
a qualitative measurement provides the opportunity to obtain insights into hardly measurable aspects, it 
includes subjectivity at the same time (Chiesa et a/., 2009). A consistent quantitative measurement was, 
however, not attainable (§ 7.2-2). As a result, the assessment of the performance was used to provide 
two insights: (i) an indication of the perceived performance on each of the criteria identified (§ 5.1), and 
(ii) the value the project managers attached to each of them. The combination of both insights was 
expected to yield a fragmented notion of the 'fit'; if, for example, great value was attached to certain 
criteria, but the performance was not considered to be satisfactory, it could lead to the finding that either 
the firm had been unrealistic on its expectations or the scientific institute underperformed. Data should as 
well identify whether for different configurations diverse sets of categories are applied in a perceived 
positive performance (i.e. output, process, outcome, social; § 4.4-2), or 'fit' in this study's framework.
The following reporting of case research can be a daunting task, because at this point the researcher 
needs to discriminate between what is to be included and the wealth of evidence that will not appear in 
the report, but stays in the database (Rowley, 2002). For this study, the description of the results is in 
accordance with the research design. At first, the results of the 1st round of interviews are presented, 
dealing with the preliminary test of the theoretical conceptualization of the elements under consideration 
and the refinement of the tentative framework for the actual case research. Subsequently, the results of 
interview round 2 are shown. Following the R&D-project clustering matrix (figure 5.2; p. 110), the four 
conceptual categories (technical competence leveraging, technical competence building, incremental 
innovation, and discontinuous innovation) are outlined. A similar set-up has been used for each category. 
Starting with a brief introduction of the category and its cases, next the preconditions, the process and 
the outcomes are described. Due to the relatively large number of cases per category, a more general 
accent was applied, showing both the similarities and differences. This process is supported by the use of 
vivid quotes and illustrative anecdotes. The quotes and anecdotes were translated from Dutch into English 
by the author. During the complete process, the meaning of the data in its original context was constantly 
reflected upon since this is at the core of qualitative research. At the end of each description, an analysis 
of and concluding remarks for the category are given. The results and insights gained for each conceptual 
category formed the input for the cross-category analysis as it is presented in chapter 7. This analysis is 
accomplished to reveal new relations and formulate general conclusions and propositions. Moreover, 
attention is paid to the question if any firm-specific factors had an interfering effect on the cases studied 
and configurations found. Finally, in chapter 8, propositions and recommendations are presented in three 
directions: (i) the present study's contribution to existing theoretical perspectives; (ii) the managerial 
implications for chemical firms; and (iii) recommendations for Dutch governmental parties.
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Chapter 6
Research Results:
Unique Configurations 
for
Industry-Science Collaboration
In this sixth chapter, the research results are presented. First, the results o f the first interview round are 
discussed which should clarify whether the conceptual framework and its assumptions are appropriate. 
Next, the findings o f the second interview round are reported which should answer the main question and 
provide a detailed insight into the existing 'receiving unit-knowledge-relationship'-configurations.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
In chemistry, results of experiments can be reported in a variety of ways. If a chemist, for example, has 
synthesized a new compound, he (or she) can choose to provide the reviewer of the report with a NMR, a 
FT-IR, a MALDI-TOF, or an UV/VIS-spectrum. In most cases, if two different types of spectra are shown 
that are congruent regarding the compound, the reviewer will be satisfied. For qualitative research, this is 
completely different. As was already explained at the end of chapter 5, the reporting of the case research 
is a difficult task: what to write down and what to leave out? Because of the high number of collaboration 
cases discussed, an individual discussion of each case in detail would result in an immense amount of text. 
Therefore, a more general style of reporting has been applied, enriched with several vivid quotes. This 
resulted in two paragraphs: results from interview round 1 (§ 6.1) and round 2 (§ 6.2). To overcome well- 
known weaknesses, all case study tactics were taken into account as much as possible, resulting in many 
checks and discussions with scholars and practioners.
6.1 Interview Round 1: R&D-Managers
The main goal of the interviews was to provide a characterization of industry-science collaboration in the 
Dutch chemical industry. This description should address three topics: (i) the pillars of the conceptual 
framework regarding the role of a scientific institute and the knowledge involved; (ii) the conceptualized 
'receiving unit' and 'knowledge transfer channel'; and (iii) the existence of variety in the relation between 
these elements. Moreover, the interviews should provide access to cases of industry-science collaboration. 
In total, 11 persons were interviewed, who were typically responsible for the long-term research activities 
within their firm and also were involved in the overall R&D-portfolio programming. All interviewees were 
knowledgeable on the themes discussed, resulting in lively interviews that were all recorded and integrally 
transcribed. Each transcription was returned to the interviewee for feedback, comments and additional 
interpretation. The renewed input was taken into account while formulating the results. The nearly 150 
pages of integrally transcribed interviews were analyzed separately for each of the key themes in order to 
discover patterns that could help to reject, to revise or accept the working assumptions (table 5.1; p. 102), 
and thus refine the conceptual framework (more information about the scoring can be found in appendix 
C). Because of the importance of the insights that should be gained from this interviewing round for the 
follow-up research and the relatively small number of pages, it was possible to extensively employ the 
expertise of colleague scholars. Moreover, the concluding results were presented to both the sponsors of 
the MICORD-program (page v) and the academics present at the 15th International Product Development 
Management Conference (Hamburg, 2008). After some revisions, the conference paper was accepted for 
publication (van Gils et a/., 2009). Due to secrecy issues involved, however, the verbatim text could 
neither be shared with the sponsors nor with non-colleague scholars. In the next paragraphs, the three 
topics are addressed in the order mentioned above, followed by concluding remarks (§ 6.1-4).
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6.1-1 The Role of the Scientific Institute and the Knowledge Involved
The conceptual framework of the present study was based upon five working assumptions (p. 102). In 
this section, the results are discussed for assumption number 1 ('the university has only a knowledge 
supplying role, no suggestion role for new R&D-projects') and 5 ('the technical knowledge involved during 
the collaboration can be regarded as part of the precondition construct). The assumptions were based on 
the concept of the chain-linked model of innovation stating that a firm only utilizes an external research 
capacity when it confronted a problem which it cannot solve itself. In such a case, the firm will frame the 
problem, based on the lack in its own knowledge base and before collaboration is started, to identify what 
kind of knowledge would be needed to solve the issue (§ 3.1-1). Situations are exceptional in which 
research 'sparks' innovation. The results of the first interview round confirmed these assumptions. The 
answers of interviewees on related questions converged to proof for the assumptions. Nevertheless, 
several interesting comments were made that placed the assumptions in a broader context, giving rise to 
thoughts that have to be taken into account in the remainder of the present study.
Firms are in the Driver's Seat
Nowadays, firms are convinced that in order to create a successful innovation, they have to address a 
market need. The majority of R&D-projects is therefore initiated as a response to information obtained 
from, for example, existing and/ or potential customers. Scientific knowledge is mainly used to reach back 
to in order to enable an industrial goal to be achieved; it is not expected to play a central role in the 
suggestion of new R&D-projects. This view was already confirmed by research of Klevorick (1995) and 
Cohen et a . (2002) and this study also points in that direction. According to the interviewees, the scientific 
institutes -  knowledge producers par excellence -  mainly play an important role as knowledge supplier to 
help firms completing their R&D-projects, not to suggest new ones. Most initiatives for industry-science 
collaboration are therefore coming from firms: they know what they need as input for their projects. This 
does not mean, however, that scientific institutes never try to initiate collaboration. They do undertake 
efforts to establish collaboration, but in most cases these attempts fail. An interviewee explained why:
"Most o f the initiatives that actually lead to collaboration are started by our firm. Although scientific 
institutes do sometimes try to initiate collaboration, they often offer information or research that does 
not fit our own activities. Therefore, it is just not relevant enough for us to start collaborating."
However, firms appear more or less to blame themselves for this situation. Although sometimes ideas are 
completely irrational -  "They found that maize could serve as raw material for our product, however, once 
we asked them to consider our production scale, they realized that we would have to own a maize field as 
large as the Netherlands to use it" -  in most cases scientific institutes turn out to be not sufficiently aware 
of what is happening in the industry. The interviewees ascribed this to the existing lack of transparency of 
their firms to the outside scientific world (see the next page for a quote). Especially, the last part of the
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quote appeared to be characteristic. Firms are afraid to lose valuable knowledge and therefore pay great 
attention to secrecy. One of the R&D-managers, for example, said:
"A scientific institute can neither look into our firm nor our R&D-activities. So, it does not know what we 
are doing and has to guess. Still, they are not to blame: we are not willing to tell them if  not needed."
However, an interesting remark in this respect was made about consortia. An interviewee believed that 
such a channel could play a vital role in restoring firms' transparency for scientific institutes. By means of 
the intensive interaction, a university should be able to obtain a better insight into the activities of firms.
Firms collaborate for a Concrete Purpose
Scientific institutes -  and universities in particular -  are well-known for their drive to publish. Firms, 
which attach great value to be well informed about scientific progress, put this opportunity to its proper 
use: they read scientific articles, visit conferences and listen to academic presentations. However, they 
accomplish these activities from the viewpoint of their own R&D-activities. Even though it was indicated 
that R&D-employees have access to the majority of relevant scientific journals in the firm's library and the 
reading of them was also stimulated, no literature is scanned for fun. In a similar vein, the interviewees 
stressed that no collaboration is started for that reason either. The only reason convincing enough to start, 
or continue, collaboration with a scientific institute, is an identified lack of required knowledge in a firm's 
knowledge base. In those cases the firm maps what it would need as input for its R&D-project and will 
then try to find a scientific institute that has the necessary complementary knowledge. An interviewee -  
stressing the independence of this routine from the type of knowledge -  described this aptly:
"The ony reason for us to start collaboration is that a partner can offer complementary knowledge that 
we require. That means: our need for particular knowledge -  be it general or specific -  is central. There 
is no collaboration for the sake o f collaboration like there used to be."
The last sentence implies that once a scientific institute has no longer any complementary knowledge to 
offer, collaboration will certainly be stopped -  no matter how long the relation goes back:
"An identified need for complementary knowledge is the only reason to start, or continue, collaboration. 
Recently, for example, I  ended a long-term relationship with an academic group. Although I  did become 
friends with most o f the permanent staff, theyjust did not possess anymore knowledge we needed".
Regarding their collaboration with scientific institutes, firms have become very goal-oriented. Firms are no 
longer willing to collaborate without an 'a priori' identified need for knowledge. Firms determine, based on 
their own situation, what they require and thus what they want. Accordingly, there was no reason to 
assume that technical knowledge involved in collaboration could not be regarded as being a part of the 
preconditions construct. Firms collaborate for a purpose to be -  and stay - in the driver's seat.
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6.1-2 Formal Collaboration and the R&D-Project Clustering Matrix
For the operationalization of the conceptual framework, it was necessary to select a focus for both the 
receiving unit (reflected in assumption number 3) and the relationship (number 4). The receiving unit was 
operationalized by means of four R&D-objectives (technical competence leveraging, technical competence 
building, incremental innovation, and discontinuous innovation). In the case of the relationship, a focus on 
formal collaboration (i.e. based on contractual agreements dealing with secrecy issues and the ownership 
of intellectual property rights) was chosen. The R&D-managers undoubtedly agreed on the importance of 
formal collaboration. The discussion on the four R&D-objectives revealed interesting insights. Next to a 
refinement of the four R&D-objectives in terms of the type of goal (competence-related vs. product/ 
process related) and the time horizon for completion (short vs. long; boundary 2- 3 years) which resulted 
in the R&D-project clustering matrix (figure 5.2; p. 110), an important observation was made about the 
distinction between technical competence building and discontinuous innovation.
The Importance of IPR
The focus on formal collaboration was based on the assumption that chemical firms are only willing to 
share firm-specific knowledge with a scientific institute if collaboration has been contractually arranged; 
the resultant transparency is a basic condition for any collaboration to be feasible. This focus turned out to 
be correct which became clear by the importance all interviewees attributed to agreement on IPR and the 
carefully and well-considered acts of R&D-employees during public meetings. During those events, they 
mainly act as a sponge. The conference visits provide a salient example. Although R&D-employees can 
generally -  that is if it is considered to be relevant enough -  attend such an event once a year and they 
are also allowed to give a lecture there are standard rules for them to be observed. All firms, for example, 
agreed that a presentation should be checked by a legal department on confidential information before 
giving a 'go' to the researcher. In some firms, the researcher was even 'checked':
"I expect him [the researcher] to drop by. The reason is that I  want to find out his attitude: Is he going 
to sell his work or going to listen a lot? Only f  he plans to do the second, he is allowed to go to the 
conference. The sale o f his work must only occur within the frm, so we can make money out o f it."
Other firms did not explicitly prepare their employees, but relied on their (long) experience. In all cases, 
however, firms appeared to be very deliberate not to leak any firm-specific knowledge. Only in the case 
secrecy was secured, for example by signing a so-called 'Non-Disclosure Agreement' (NDA), firms were 
willing to give some details of their own work. Another important condition that should be agreed upon to 
realize collaboration was the ownership of IPR. More than problems of geographical distance or finding the 
best partner, IPR was mentioned as a main barrier to collaborate with scientific institutes. The fact that 
scientific institutes are increasingly trying to get hold of IP that is developed during collaboration conflicts 
with the great importance firms attach to it. Especially in case a firm expects the results of a collaboration
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to be directly applicable, it is not willing to negotiate on sharing IPR. A firm will then insist on being the 
owner of all results and possible patents, so it can secure the new IP that might help to gain competitive 
advantage and protect possible profits. Several examples have been mentioned that it took a firm and 
scientific institute several months up to a year to reach agreement. However, without a contract, there will 
be no collaboration: "The partner had knowledge we required for our exploratory project, so we started to 
contract negotiations which lasted for more than 6 months ..[...].. by then there was still no agreement on 
IPR, so we decided to break off the negotiations". The focus on formal collaboration thus appears to be 
correct if one would like to study collaboration that might have an impact on a firm.
Confusion due to the Change in R&D
Most of the 11 persons interviewed were the manager of the group responsible for a firm's long-term 
research activities. However, as all of them were also involved in the overall R&D-portfolio programming 
and could fall back on a long R&D-career within the firm, they had a good overview of the total range of 
R&D-issues. Accordingly, they were able to provide descriptions of the types of practical activities that 
were accomplished for each of the four R&D-objectives in order to fulfil it (§ 6.1-3). However, even though 
the four R&D-objectives were generally recognized and most of the interviewees were able to provide 
suitable projects, an important remark was made regarding the two R&D-objectives with a long time 
horizon for completion (boundary 2-3 years):
"It is not that simple to make a clear-cut distinction between the R&D-objectives 'technical competence 
building' and 'discontinuous innovation' right away. AH technical competences and technologies that are 
researched and developed here originate from a particular product or process idea o f our business".
Another interviewee who addressed the same issue explained this phenomenon for a need of a product or 
process idea by making a link to the recent past of his firm:
"There are no long-term activities carried out without a certain product or process idea in mind 
After all, that sharp distinction has led to problems in the recent past: it gave too little progress. Hence 
we made agreements that nowadays it must be dear a priori for what aim the research is carried out"
With this remark, the interviewee referred to the 'old' situation in which the majority of chemical firms had 
a large, centralized R&D-laboratory. Nowadays, as was confirmed by the interviewees, most of the long­
term R&D-activities are embedded in and funded by business units. This also entails that long-term R&D- 
projects are formulated together with them, thereby explaining the need to have a product or process idea 
in mind. By discussing concrete projects, however, the related difficulties concerning the distinction 
between the two R&D-objectives were unravelled (§ 6.2). In some firms still a very small fraction of the 
budget came from headquarters and could be spent more freely. The interviewees who had the disposal 
over these funds mainly used them to participate in consortia (§ 6.1-3).
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6.1-3 The Relation between the R&D-objectives and the Institutional Arrangements
The most important assumption underlying the research framework was that different 'receiving unit- 
knowledge-relationship' configurations could be found (assumption 2 in table 5.1; p.102). The interviews 
in the first round should provide an insight into (the existence of) these configurations. Because of the 
general level of discussion in the first interview round, it was chosen to initially explore the relation 
between the four identified R&D-objectives (i.e. receiving unit; p. 103) and the eight selected institutional 
arrangements (i.e. relationship; p. 103). In line with the expectation that differences might exist, the 
results showed that almost each of the eight selected institutional arrangements for industry-science 
collaboration had a more or less unique link to a specific type of R&D-objective. After a brief general 
discussion, the three best (i.e., most often mentioned as 'fitting") institutional arrangements are presented 
for each of the R&D-objectives. An overview concludes this paragraph.
The Viability of the Study
The interviewees confirmed that there are differences in the institutional arrangements used for each 
of the R&D-objectives. After a question to select the institutional arrangement(s) they considered to fit an 
objective best for each of the four R&D-objectives separately a pattern emerged. To assist them, eight 
cards were made, each with an institutional arrangement on one side and its description (table 5.2; p. 
103) on the other side. After introducing an R&D-objective, all cards were handed over to the interviewee 
who then made -  and explained -  his choice. It was indicated, for example, that a research consortium is 
not the most suitable way if one would like to have directly applicable results and that 'consultancy & 
advice' is mostly used for competence-related issues, because academics are very often ignorant of the 
details of concrete innovations. Two important observations were made. First, the result of the more or 
less unique links between the R&D-objectives and institutional arrangements confirmed the suggestion 
that collaboration with scientific institutes can be started for each type of R&D-activity. None of the 
interviewees excluded scientific institutes, despite their natural propensity to publish, in advance as a 
potential partner for a particular R&D-objective. However, the collaboration conditions would vary:
"There is no R&D-objective for which we are absolutely not willing to collaborate with a public research 
institute or university. But, the contractual conditions by which collaboration is arranged will differ 
depending on the need for secrecy: the higher the need, the stricter the contract."
In other words, the more confidential an R&D-project's content the more demanding firms will be. This 
gives rise to the second observation. The type of knowledge involved in the collaboration indeed appears 
to play a role in the choice for an institutional arrangement. While technical competence building, for 
example, deals with generic knowledge and is often linked to a consortium set-up, incremental innovation 
asks for more specific knowledge and a bilateral approach. However, the exact organizational details and 
the precise sorts of knowledge remained unclear and were studied in detail in the second round (§ 6.2).
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Technical Competence Leveraging
Technical competence leveraging activities for which collaboration with a scientific institute could be 
necessary were interpreted by the interviewees as activities that have to do with specific measurements of 
existing products or practical questions about an already applied technology. Regarding the first situation, 
it often concerns specialized equipment that a firm does not possess, because of, for example, high initial 
expenses. In these cases, a firm 'just asks' a scientific institute to carry out a number of measurements 
and subsequently pays for it. Because the firm itself is very knowledgeable on the subject, it can often 
take notice of the results and then easily employ them. Contract R&D, in which a firm funds costs for a 
defined piece of work at a scientific institute, was considered to be suitable for these situations. For 
questions about a technology or technical competence, chemical firms often make use of 'consultancy & 
advice' or 'temporary employment of an academic'. These institutional arrangements, in contrast to 
contract R&D, imply more intensive, often face-to-face, interaction that might be needed in case 
something has to be learned-by-doing, or when a scientific institute needs more explanation in order to be 
able to correctly accomplish the required work. Nevertheless, the questions are still rather concrete in 
most cases due to the short-term character of the related activities within the firms. This matches the 
bilateral set-up of both arrangements which offers the possibility to make clear appointments about the 
collaboration process (deliverables, time planning) as well as on the topics of secrecy and IPR.
Incremental Innovations
Of all R&D-objectives discussed, the interviewees showed the largest concerns regarding collaboration 
with a scientific institute for incremental innovation. The main reason was that such activities have a high 
secrecy level and, therefore, that firms prefer to accomplish such activities alone rather than with support 
of any external partner. The interviewees also indicated that in general no support is needed as well, 
because these activities are core business of a firm. As a result, the R&D-departments are generally 
themselves adequately skilled. If, however, collaboration is considered to be unavoidable, it is severely 
hampered by the secrecy of such activities. Although a firm needs to share knowledge in order to have 
collaboration with a chance of success, it is in the meantime extremely frightened that it might somehow 
leak to competitors. As a result, a firm exercises maximum restraint and tries to share as little information 
as possible with its partner. This is often facilitated by using a very narrow interface: one knowledgeable 
R&D-employee is responsible for the external communication. The institutional arrangements that were 
selected offer this opportunity and involve the least intensive interaction: 'contract R&D' and 'buying a 
license or a patent'. 'Temporary employment of an academic' was mentioned to be appropriate for cases in 
which the subject was too complex to deal with without any regular face-to-face contact. The advantage 
of this institutional arrangement is that firms have full control over, and an overview of, the work carried 
out by the academic. In addition, it offers firms the possibility to become acquainted with the academic's 
skills which might be interesting for future collaboration or a permanent appointment.
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Technical Competence Building
According to the interviewees, activities that are aimed at technical competence building in related 
technological areas used to be one of the core activities of corporate research. With the disappearance of 
this department in a majority of chemical firms, however, the facilities and possibilities for such long-term 
research decreased as well. Firms were no longer willing to heavily invest in high-risk activities that might 
only be profitable in the medium or long-term, and increasingly focused on the extension and deepening 
of core competences. However, in order to keep themselves informed of such high-risk, largely scientific 
developments in related technological areas, firms participate in consortia nowadays. By means of these 
consortia, often initiated and substantially sponsored by governmental parties, firms have the opportunity 
to follow several research projects. Or, as pointed out by one interviewee: "Instead of spending 10 euros 
on 1 internal high-risk project, my firm can now follow 10 projects for 1 euro each". Due to the long-term 
and more 'scientific' character of the developments, a firm is not yet very eager on getting hold of all IPR. 
If a firm, however, is looking for more exclusivity while preserving the work's scientific nature, the 
interviewees indicated 'research funding' and 'research joint ventures' to be suitable ways of collaborating. 
Moreover, by applying such 'bilateral' institutional arrangement, a firm can be more concrete about its 
requests and fine-tune the direction of the research now and then. The consequence is, however, that the 
firm also has to pay for everything in this case.
Discontinuous Innovations
The institutional arrangements that are considered to be suitable for technical competence building 
activities show some overlap with those of discontinuous innovation. The reason is that a number of 
interviewees had some difficulties in making a distinction between the two R&D-objectives. According to 
them, both objectives implied the same activity for their R&D-department, i.e. technology and technical 
competence development for future products and processes. This, in turn, revealed the attitude that -  as 
was elucidated in § 6.1-2 -  is present R&D-department nowadays: no more R&D-activities are undertaken 
without a tentative product or process idea in mind. Such an idea often not originates from the R&D- 
department itself, but comes from, for example, marketing. Scientific institutes do not play an active role 
in the suggestion of these innovation activities, but are scanned by firms for interesting technological 
developments which could match the tentative idea. Accordingly, the interviewees once again considered 
consortia and research funding to be suitable ways for collaboration. If, on the other hand, a firm has its 
own technological development for a particular discontinuous innovation already running quite some time, 
then contract R&D is a suitable option. In such a case, the firm 'entered' the development funnel and 
outlined a plan to bring the product or process idea to the market. In addition, 'minority equity in an 
academic spin-off' was under consideration in some firms for discontinuous innovation. However, the use 
of this institutional arrangement did often not come within the area of responsibility of the interviewees. In 
most cases, firms had a separate 'venturing' department for the realization of this activity.
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Overview: The link between the R&D-Objectives and the Institutional Arrangements
The fit between an institutional arrangement and an R&D-objective could have a maximum value of 11 
in case all interviewees made that specific link. For this overview, the following scoring mechanism was 
applied: if a transfer channel was linked to a particular R&D-objective by more than 8 interviewees, the fit 
was rated to be ++; it was rated to be + in case the link was made 6-8 times; and ± in case it was made 
by 3-5 interviewees. The overall results can be found below (figure 6.1). Contract R&D was most often 
mentioned as a suitable way for collaboration with scientific institutes and is therefore among the best 
options for three types of R&D-objectives. The use of minority equity in an academic spin-off appeared to 
be not the responsibility of the R&D-managers.
Objective 
Time Span
Technical Competence Product/ Process
Short
Technical Competence Leveraging
consultancy + 
contract R&D + 
temporary academic employment ±
Incremental Innovation
contract R&D + 
buy a license or patent ± 
temporary academic employment ±
Long
Technical Competence Building
research consortium ++ 
research funding + + 
research joint venture +
Discontinuous Innovation
research consortium + 
research funding + 
contract R&D +
Figure 6.1: Link between the R&D-objectives and the institutional arrangements
6.1-4 Concluding Remarks
The aim of the first round was to provide clarity on the tenability of the five working assumptions that 
were the pillars of the research approach. Based on semi-structured interviews with 11 persons that were 
knowledgeable on the themes discussed, it can be concluded that all assumptions are plausible. Chemical 
firms have become highly goal-oriented regarding collaboration with scientific institutes. In line with 
governmental parties, chemical firms are no longer willing to throw their money over the academic fence 
in the hope that someday results will be tossed back that might be exploitable. Firms have rationalized 
their collaboration approach: only if they have identified a need for knowledge -  be it general or specific -  
they will look for a collaborative partner that covers the required knowledge. Once it is obtained and no 
more complementary knowledge is needed, collaboration will be stopped. During this whole process, a 
firm tries to be in the 'driver's seat'. With the disappearance of corporate research, firms are more often 
forced to collaborate. Nowadays, scientific institutes are not only considered for long-term activities like 
technical competence building and discontinuous innovation, but also for more concrete issues; and, as it 
was expected, the institutional arrangement used differs for each R&D-objective.
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6.2 Interview Round 2: Project Managers
The central goal of the interviews in the second round was to obtain a detailed insight into the 'receiving 
unit-knowledge-relationship' configurations that are present at firms in the Dutch chemical industry. To 
realize this goal, 33 project managers were questioned on the details of 36 collaborative projects which 
involved (a) Dutch scientific institute(s). The 36 cases together covered the four conceptual categories of 
the R&D-objectives -  i.e. technical competence leveraging (6 cases; § 6.2-1), incremental innovation (6 
cases; § 6.2-2), technical competence building (12 cases; § 6.2-3), and discontinuous innovation (12 
cases; § 6.2-4) -  an R&D-department has to fulfill. A similar structure has been used for the description of 
each category. At first, some concrete details about the cases in the conceptual category (e.g. number, 
dataset facts) are mentioned. Subsequently, the properties of the receiving unit, the knowledge involved, 
and the relationship are separately described. In the case of technical competence building, for example, 
the description of the receiving unit gives a generalized overview of both the structural and content 
characteristics of the 12 projects at the firms, including differences and similarities. Next, the performance 
indication is given. A brief summary is presented at the end of each category description. The properties 
discussed -  of which some emerged during the interviews with the project managers -  are mentioned in 
Table 6.1. An overview of the results for four conceptual categories can be found in § 6.2-5 (p. 160).
Table 6.1: Overview of the properties discussed per conceptual category
Context Component Component Part Properties
Receiving Unit
Structure
Team size; department(s) involved 
Source of funding 
Expected time-to-market
Content
Motivation
Preparations for collaboration 
Partner selection criteria
Knowledge Involved
Base Available
Level of cumulativeness 
Level of secrecy
Flow Required
Level of appropriability chances 
Level of knowledge specificity
Relationship
Institutional Arrangement
Choice out of the eight institutional arrangements 
(e.g. contract R&D; research funding, etc; p. 103)
Coordination Procedures 
(communication, control)
Communication interface 
Communication frequency
Timing of the firm's and scientific institute's activities 
Internal (firm): external (sc. institute) work ratio 
Extent of collaboration planning 
Distribution of the knowledge in the firm
Performance Indication
Collaboration Output and Process criteria (figure 4.4;p. 97)
R&D-project Outcome and Social criteria (figure 4.4;p. 97)
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6.2-1 Technical Competence Leveraging
Not all of the firms had collaboration with scientific institutes in this category that matched the three 
selection criteria (§ 5.3; p. 111). As a result, for this category six cases were acquired of five different 
firms. From the project managers interviewed, a data set of over nine hours of audio-taped interviews, 
some documents (e.g. presentations), and many field notes was obtained. An interesting pattern emerged 
from the interviews. Although all collaboration was aimed at a same sort of goal -  that was called 
'technology scanning' -  and had a similar knowledge status, variation was found in the type of partner and 
the structural characteristics of the project. The differences and similarities found in the six cases across all 
three context components led to the introduction of two 'receiving unit-knowledge involved- relationship'- 
configurations: 'single scan' vs. 'multiple scan'.
Properties of the Receiving Unit
The six cases had been classified by the R&D-managers as 'technical competence leveraging'. This 
name and its accompanying definition were derived from literature (p. 89). An initial scan of the six cases 
was done to obtain a description of the concrete activities taking place in the projects. If a common 
denominator could be found, this was considered a confirmation of the projects' classification. The cases 
turned out to have a shared description which was termed 'technology scanning'. In each of the cases, a 
firm had localized -  from a certain product or process idea -  a technology available at a university or 
public research institute. Using a short collaboration, the firm tried to find out if the technology was 
suitable to use for its own objectives and could be leveraged to the firm. An interviewee illustrated this:
"We had a target, which was the development o f a surface modification method, and they had a 
technology to realize t h a t W h a t  we asked them to do was to tune their existing technology to 
our requirements. We planned to collaborate for 2 years before deciding to leverage, or not."
Next to the similarity in concrete activity, the scale of the activities was also the same: experiments were 
accomplished on a lab scale (e.g. in the case of chemical research they could as well have been on pilot­
plant or even production scale). The number of employees working on the firm's side of the project was 
between 2 and 4 for all cases but only one of them communicated with the scientific institute (see 
relationship). Regarding the background of the employees an initial difference was spotted: for three 
projects all team members came from the research department22, while for the other three projects the 
team was a mix of employees from more than 1 department. Next to (an) employee(s) from research, 
members could come from, for example, a marketing or development department of a business unit (BU). 
The funding of collaboration differed as well: for projects with only researchers, it came from the research
22 In five firms, employees that conduct (more) long-term research in a business unit (BU) are grouped in a 'research 
centre'. In the other firms, they are clustered with others on a division level, but are still largely funded by the BUs. 
For convenience, we refer to such employees as 'researchers' or 'employees from the research department'.
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budget, while for the other projects it came directly from a BU. These differences appeared to be closely 
related to a large dissimilarity in the embedding of both sets of three projects. In the cases where only 
researchers were involved, the firm collaborated with a university to scan only one technology option:
"The university developed a fundamental chemical concept that was interesting to study in relation to 
our products..[...].. I f  it had worked, it would have been quite benefcial for our firm in the longer term. 
However, the concept did not work, although the university kept trying for quite some time..."
In the other set of projects several technological options at different partners, among which firms as well, 
were simultaneously scanned. The collaboration discussed was with public research institutes:
"We identified several technologies that could help us to reach our goal. We all scanned them and in 
the end one or two remained. With those we continued, the other alternatives were dropped."
A reason was the difference in the level of concreteness of the firm's product idea. Whereas for the 'single 
scan' projects there was no more than an idea, for the 'multiple scan' cases firms had already made more 
preparations. As it was mentioned before, employees of other departments within the firm were actively 
involved. The researcher determined in consultation with them which way to set off in the collaboration; a 
(technical) marketer could have identified a market need which was complemented with requirements by 
somebody from development or production. The researcher then translated the information into directions 
for research in the collaboration. For the three 'single scan' projects, such detailed information was not yet 
available. Although the need for knowledge was clearly identified, the idea was not well-developed:
"The main motive was, in the first place, to gain fundamental knowledge o f their technology. So: What 
can we do with it? ..[...].. It is more like platform building: we would not directly use it in our own 
products. However, once the platform is ready and works, we do know where to use it."
The interviewees were asked about a time-to-market for their idea, including the implementation of the 
scanned technology. For the 'single scan' cases, this was estimated to be still rather long (max. 8 years), 
while this was noticeably shorter (max. 5 years) for the 'multiple scan' cases. The interviewees stressed, 
however, that the estimation would only hold true in the case everything would succeed without any 
delay. Each of the 'internal' projects (i.e. in the firm) was therefore initially only funded for a maximum of 
two years in which the scanning activity would take place. If the technology failed the test (i.e. turned out 
not to be applicable for the firm's idea) for the 'single scans' it would automatically mean the end of the 
internal project. In the case of 'multiple scans', it would also be the end of the specific collaboration, but if 
another option stood the test, the internal project could continue (see performance indication):
"At the end o f the year, there should be a prototype; however, while saying that, I  might be somewhat 
ambitious. We reduced the number o f options, so now we have to make a final choice; afterwards, we 
should -  together with the business -  decide how to continue."
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A final difference was encountered in the way the external partners were selected. Although the reason for 
selection was similar in all 6 cases -  an interesting technology was available -  it was remarkable that in 
two 'multiple scan' projects, the firm did not know the external partner at all prior to the collaboration, 
while for the third project the last contact had been many years ago. For the other set of projects, there 
had been previous interaction between a researcher of the firm and an academic before it was decided to 
collaborate. The partners were acquainted as a result of, for example, a history of the firm's researcher at 
the university or of the academic at the firm. The interviewees acknowledged that the familiarity played a 
role in the decision to work together, although it was of less importance than the technology available.
Properties of the Knowledge Involved
The knowledge involved was discussed in terms of the knowledge base available and flow required. A 
detailed description of the knowledge flow appeared to be somewhat complicated23, but all interviewees 
outlined the properties of the knowledge flow adequately. They were also asked to indicate if unexpected 
changes in the properties -  for example, the specificity of the research conducted changed considerably -  
had taken place during collaboration. However, this appeared not to be the case. For all six projects, the 
knowledge flow obtained met the requirements as they had been defined by the firm before they started 
to collaborate. All six cases had quite a comparable flow-profile of (i) medium specificity, (ii) use-inspired 
basic research, and (iii) medium appropriability chances for the firm. The last feature was caused by the 
fact that the scientific institute had already developed a technological concept (a university in the 'single 
scan' cases) or technology (a public research institute for the 'multiple scan' cases). The chance a firm 
could easily appropriate the knowledge and become the exclusive owner of it -  which was strived for -  
was therefore considered to be rather small (see performance indication). A 'multi scan' interviewee said:
"I'm sure they patented their technology and are not willing to pass on the patent just like that. So, if  it 
had turned out to be a successful option, we would have had to negotiate with them about what to do."
Another project manager, in this case of a 'single scan' project, said:
"If you look at the contract, the university and our firm become joint owners o f the results That
means that we will notjust own the IP  for 100%. After all, they did a considerable part o f the work."
However, the 'single scan' project managers did not consider a shared patent as the only possibility in 
which the knowledge was more or less compulsory shared with others. Because they worked together with 
universities, a scientific publication was considered to be an option as well. In such case, however, the 
university would have to observe strict rules regarding secrecy. Since the results obtained enclosed
23 No secrecy agreement was signed for the interview and, as a result, interviewees of the 2nd round were not willing 
to discuss the technical details of the knowledge obtained. Nevertheless, they were able to describe the a priori 
defined characteristics/ requirements of the knowledge flow (see 'firms think before they act'; § 6.1-1).
130
Chapter 6: Research Results
knowledge and materials of the firm as input (see relationship), the research was named to be medium 
specific. If a university, however, was able to write an 'anonymous' paper -  like an interviewee said 
'speaking in terms of modified yarns' -  firms were willing to consider it, provided that they had the right of 
first refusal. The public research institutes did not have this drive to publish and were more business- 
oriented. This was an advantage according to the 'multiple scan' project managers:
"A big advantage is that if  we really like their technology -  which means that we need 100 kg next year 
and3000 kg the year thereafter - they already thought about the scale up o f it. I f  you collaborate with 
a university -  working on a gram-scate -  you have to do that all by your own."
Despite the difference in the development stage of the technologies, in all six cases the knowledge flow 
was classified as use-inspired basic research or 'Pasteur' according to the Stokes model24. Firms had an 
idea for a product or process, but they did not yet start concrete development activities; these were still 
competence-related. They scanned technological possibilities to find out in enough detail which option 
might be suitable for their idea. Accordingly, the firms asked their partners to briefly redirect ongoing 
research activities on the technology to their idea, so they could gain some basic knowledge of it and its 
suitability. This basic understanding was needed to make a well-considered choice to leverage, or not:
"What you try to achieve with such a collaboration is to obtain -  without much effort -  a reliable result, 
based on which you can well-founded say 'yes' or 'no' to leveraging the technology."
Next to the considerable similarities in the flow-profile, the knowledge bases were also to a great extent 
similar. Although the interviewees did not have precise knowledge on the technology, they indicated that it 
had been no problem to master (the basics of) the scanned technology. Moreover, since it was tested on 
materials that were produced by the firm itself, the results that were externally obtained were easy to 
understand as well. This high cumulativeness of the knowledge base, however, caused it to be highly 
secret. Firms tried to share as little information as possible, for example, on their idea and activities:
"We cannot tell them the secrets o f our product idea. However, from time to time you have to reveal 
things, which make them ask questions. In such case I  often think: 'Please, do not be worried about 
those issues; that's our part o f the story about which we cannot, and will not, tell you anything'."
The interviewees indicated that this carefulness was necessary because a leak of knowledge could cost 
them their idea, and might as well (somehow) give competitors an insight into their knowledge base. The 
scanning activity -  which should lead to a broadening of the existing deep knowledge base by acquiring 
the technology or technological concept -  was therefore only accomplished in bilateral collaboration.
24 The Stokes model (see Schmitt, 1999) classifies research along two dimensions ('considerations of use'; 'quest for 
fundamental understanding') into four categories: 1. Audubon (low; low); 2. Bohr (low usefulness; high 
understanding; 3. Edison (high usefulness; low understanding); 4. Pasteur (high; high).
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Properties of the Relationship
The interviewees were asked -  using the eight cards of round 1 (p. 123) -  to indicate how they would 
describe the institutional arrangement. Even though most of them initially chose 'contract R&D', second 
thoughts led to more variation among the three 'single scan' project managers.25 Two of them switched to 
'research funding', while the third stayed at contract R&D, but emphasized that the collaboration could 
also be described as 'joint contract R&D'. At the collaboration start, however, this was not intended:
"We had to do a lot o f work here which was - to b e  honest -  not as I  wished for..[...]..; a ll the work in 
the laboratory, on the characterization o f the product, and a ll the tests accomplished afterwards. I  think 
a ratio between the internally and externally accomplished work was 70:30."
With this ratio, this project clearly deviated from the other five projects. In those cases, the interviewees 
estimated the work to be (almost) equally shared between the firm and the scientific institute. However, 
the timing of the internal (firm) and external (scientific institute) activities was not similar. While one 
employee of the scientific institute -  in the case of the universities often a post-doctoral researcher -  was 
conducting research activities continuously throughout the collaboration, the firm's team members worked 
after a brief period of preparation (e.g. identifying technology) -  at intervals (figure 6.2):
ext ext ext ext
I”  int int I int int
Figure 6.2: Timing of activities: mode A
This pattern was caused by the 'technology scan'. In order to find out if the technology suited the firm's 
idea, it had to be tested with materials of the firm. As a result, during such an interval period, the firm's 
team members prepared multiple samples. After finishing the synthesis, the samples were handed over to 
the scientific institute which would then use them to test its technology. In this period of testing, the 
activities within the firm were relatively dormant:
"The scientific institute has to test our material, which they obviously cannot synthesize themselves due 
to its specificity. That means that we have to do all synthesis here. In general, this really happens at 
intervals. For the rest o f the time, the other team members -  except me -  are not really working on it."
Once a scientific institute delivered results, however, the other team members were informed and became 
active again to discuss the results and decide on new materials, and suggest adjustments to be made to 
the technology. At all times for all cases, however, the same employee of the firm's research department
25 The interviewees initially appeared to be quite hesitant to describe the collaboration as 'research funding'. The main 
reason was that they considered this transfer channel to be closely related to undirected, basic ('blue sky") research. 
They underlined that -  although the research had a more explorative nature -  its goal was really focused.
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played a central role in the collaboration, regarding the communication and control aspects. He acted as a 
contact person for the scientific institute and coordinator of the internal activities. According to the project 
managers, this division of tasks was desirable for two reasons. On the one hand, it would offer clarity to 
the external partners because they would know who to keep in touch with, and on the other, it would 
minimize the possibility of leaking firm-specific knowledge. This latter reason, however, applied mainly for 
the 'multiple scan' projects. For the three 'single scan' projects, although one researcher obviously was in 
control, the other researchers in the team could also have some contact with the university:
"All communication with the scientific partner passed me. In most cases, I  directly communicated with 
the partner on behalf o f the team. I f  however, a team member sent an e-mail, I  was standard on the 
CC-list. I  demanded that in order to keep myself informed about the status o f the project."
As indicated in the quote, such situations were rather exceptional. In all 6 projects, however, there had 
been a reasonable number of phone calls and e-mails because of emerging questions. In those cases the 
project managers were responsible for the knowledge flowing to the scientific institute. Differences were 
found in the formal organization of the collaboration for the two types of projects. For the 'single scan' 
cases, the developed planning encompassed face-to-face meetings or teleconferences with the university 
every 6 to 8 weeks. The public research institutes in the 'multiple scan' projects, on the other hand, were 
expected to report about their activities every two weeks and often they were visited by the project 
manager. The planning was in all six cases flexible, but only to some extent. The reasons differed: while 
for 'multiple scan' projects, this was a result of the speed firms tried to keep in the process, for 'single 
scan' projects it had to do with perceptions ("you need to ascertain that the university stays on agreed 
track") of the partner. The planned updates did not have to enclose a written report every time: often an 
oral presentation of the key results was sufficient. However, depending on the length of the collaboration 
(varying between 6 and 24 months), each project manager had requested 1 or 2 interim report(s), next to 
a final report with all technical results. These reports were the basis for the communication in the firm:
"My internal report consisted o f the data they had delivered in their report, complemented with the 
information we developed ourselves about our product idea. That way, I  tried to make a complete as 
possible report that I  could subsequently distribute in our firm."
The internal communication revealed a final difference regarding the relationship between both types of 
projects. In line with the observation that the 'multiple scan' projects were, at least to some extent, more 
strictly planned than 'single scan' projects, their results were also more anticipated for. As a result, project 
managers could easily spread the results within their firms. The other team members, for example, asked 
themselves repeatedly about the status of the activities and whether the results were already available. In 
contrast, the project managers of 'single scan' projects had to put more effort to spread the results. Their 
members were less actively involved in the project, forcing the manager to 'push' the results around.
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Performance Indication
The performance of both the collaboration with the scientific institute and the impact of this process 
on the firm's R&D-project -  focusing on technical and non-technical results -  was qualitatively evaluated. 
This assessment offered two insights: on the one hand, an indication of the performance on each of the 
criteria (table 5.2; p. 103), and on the other, the value the project managers attached to each of them. 
Regarding the process aspects (on-time; within-budget) of the collaboration, each of the interviewees was 
satisfied. In all six cases, milestones were realized and deliverables were provided according to the agreed 
planning. Although in a few cases some delay was encountered, it was accepted by the project managers, 
because they were informed about the holdup in an early stage. Especially, the 'single scan' interviewees 
indicated they attached more value to the technical than the non-technical results of the collaboration:
"I considered the need to obtain high-quality results to be higher than that to work strictly according to 
the planning. We used the planning more like a living document: if  required, we adjusted it a little."
The satisfaction on technical results of the collaboration (quality of the results; meet agreed objectives) did 
show some variation. All 'multiple scan' project managers were pleased with the results as they were 
obtained from the public research institute, while for two 'single scan' cases, the interviewees turned out 
to be dissatisfied with the technical results. Their reasons differed: while one project manager complained 
he had to do more work with his team than he anticipated, the other criticized the 'stubbornness' of the 
university. In the first case, the interviewee blamed himself for the unexpected workload, admitting that 
he had had too high expectations for the amount of work the academic could accomplish. Once the post­
doctoral researcher turned out to be unable to meet all objectives, his team took over many activities like 
the characterization of processed materials. In addition, he had to cancel runs in the pilot plant which were 
started to test those materials on a somewhat larger scale. Reflecting upon the technical performance of 
the collaboration, he therefore said:
"We learned from this for future collaborations..[...].. In a recently started one, we paid more attention 
to the division o f work and the technical targets to be achieved. We should not move too quickly again."
The second case was classified as a typical example of the 'old school' industry-science collaboration: both 
partners agreed on an objective, but once the collaboration had started, the university went its own way. 
Despite attempts of the firm to steer the research, its partner persevered with what it had started:
''We quickly -  after 6 o f the overall 24 months -  found out their chemical concept did not work for our 
materials, so we asked them to search for other closely related concepts. However, even though we 
brought up and worked on several ideas, they just kept working on their own concept."
Moreover, even though the project manager sometimes thought he had persuaded the academics to alter 
their activities, he was disappointed to discover during the next meeting that they had only realized a
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small part of it. The interviewee indicated that he, as well as his manager, had been unable to really 
change the attitude of the university. Because of the relative brief period of collaboration, they just 
accepted the loss and did not put more effort in it. However, it was evident that the university -  in spite of 
its high-quality competences and intentions of the firm in advance -  was not approached for new, long­
term collaboration. Similar ideas for more long-term collaboration were also found for the two other 'single 
scan' projects. The two interviewees indicated they considered such short-term collaboration an ideal way 
to become acquainted with the concrete competences of the university and a gateway for long-term 
relationships. In these two 'single scan' cases, it also resulted in a new collaboration. This occurred despite 
the fact the technical results of the original collaboration did not have any impact on the firm's internal 
activities; these were also stopped after the fixed time span was expired. The activities of the renewed 
collaboration were closely related to the original ones, but the type of project differed; in one case, for 
example, the university even was involved in a long-term development project. For the 'multiple scan' 
projects, the priorities were exactly the opposite: the project managers attached great value to the 
technical impact of the collaboration on the internal work, while long-term perspectives were considered to 
be of less importance. In order to maximize the chance on technical success several technologies were 
scanned simultaneously. The latter was explained by the fact that whether the technology would suit the 
product idea or not, in both cases the collaboration would end after the fixed period (max. 2 years). If the 
technology could not be applied -  like in the three cases studied -  the partner would just receive its 
rewards for services rendered. In the case of a success, negotiations should have been started; in this 
process, the firm would strive for a setting in which they could independently employ the technology. By 
decoupling the partner, the firm could prepare the technology for its production scale alone and thus make 
it harder for competitors to observe the final production process.
Summary: Single Scan vs. Multiple Scan
All six cases turned out to be aimed at the scanning of a technology that was available at a scientific 
institute. However, despite the similarity in concrete description of the activity, based on the details of the 
embedding of the collaboration two distinct configurations emerged. Differences between 'single scan' and 
'multiple scan' projects were, for example, found in the background of employees involved (only research 
vs. more departments); the funding of the collaboration (research vs. business unit budget); and the way 
a scientific institute was selected (existing network and competence vs. only competence). Although both 
types of projects had a similar knowledge profile -  e.g. medium appropriability chances and high secrecy 
level -  the properties of the relationship and the performance indication differed. 'Single scan' projects 
were classified as 'research funding' with organizational details like a fairly strict planning and push 
mechanisms to spread the obtained knowledge, while 'multiple scan' projects were considered to be 
'contract R&D' and strictly planned. The 'multi scan' project managers also attached great value to the 
collaboration's process aspects; 'single scan' interviewees believed future perspectives to be important.
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6.2-2 Incremental Innovation
Similar to the previous category, not all firms had collaboration with scientific institutes that matched 
the 'incremental innovation' category. As argued by the interviewees in the first round of interviews, firms 
still have concerns about collaboration in this category. However, six cases from five different firms could 
be acquired. Except for one project manager who was clearly in a hurry -  missing data was completed in a 
later stage using e-mail -  all interviews were accomplished satisfactorily. This led to a data set of over 
eight hours of audio-taped interviews, numerous field notes and a few related press articles. To describe 
the six cases, an identical structure is used as for the 'technical competence leveraging' category. All cases 
covered a similar concrete activity, which was in the present study entitled 'innovation tasking'. Two 
configurations clearly emerged: 'specialized measurements' and 'rescue research'. Although the 'rescue 
research' configuration was based on only two cases, similarities between both cases were outstanding.
Properties of the Receiving Unit
The six cases were unified by their classification as 'incremental innovation' by the R&D-managers. In 
line with the earlier described 'technical competence leveraging' category (§ 6.2-1), the initial scan of the 
six cases was aimed at finding a description of the concrete activities. The cases turned out to have a 
common denominator that could be described as 'innovation tasking'. In each of the cases, a firm had 
identified a concrete knowledge need and formulated a precise assignment for a university or public 
research institute. Making use of short-term collaboration, the firm tried to obtain an answer to its 
question which it then directly could employ in its own innovation process. An interviewee put it aptly:
"The question was really precisely formulated like: This is our product, this is how it reacts under those 
circumstances, but that is not good enough for us. We would like you to fn d  out why it responds like 
that and how it can be improved..[...].. I  think I  would describe it as a task, or assignment."
A reaction that was very similar to that of other interviewees. Another, for example, stated:
"Well, we told them our targets; that means what we exactly wanted. So for their part it was very dear 
when we would say that the collaboration was successful. They just had to do the job."
In addition to the resemblance in concrete activity, the funding for the collaboration and the scale of the 
experiments were similar as well. A business unit directly -  that is, not via the research budget -  acted as 
the source of financial resources, and experiments were carried out on pilot plant scale. This implies that, 
in comparison to lab experiments, the activities were accomplished on a somewhat larger scale. The 
background of the employees working on the firm's side was also alike: for all six projects, the team was a 
mix of people from different departments. In each case, at least one member came from research and one 
from (technical) marketing, while the project manager came from the production or development 
department of the business unit involved. The total size of the firm's project team, however, revealed a
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first indication of two different configurations. In four of the six cases, the team comprised at the most 
four members. For the remaining two cases, this number was at least five, although in both of these two 
cases the employees were temporarily not actively working on the project (see relationship). In addition, 
the type of collaboration partner differed. For the set of four projects, the firm collaborated with a public 
research institute; for the other two projects, this had been a university. In line with this distinction, the 
exact nature of the assignment varied. Although in all six cases the task was very precisely described, for 
the set of four projects it concerned measurements (i.e. the 'specialized measurement' cases):
"The target o f the collaboration was very straightforward: they [the external partner] would just carry 
out a fixed number o f measurements with their equipment in order to determine the effects o f several 
circumstances on our polymer system."
For the other two cases, the assignment encompassed very precisely described research activities:
"We encountered a problem in our product development which we could not tackle ourselves. So, what 
we needed was somebody with another view on our concrete problem to could solve it."
These quotes were indicative for the variation that was found for the content properties between the sets 
of cases. Firstly, collaboration that involved the measurement of materials (4 cases) was foreseen from the 
beginning of the firm's project. In that phase, the project manager already knew that an external partner 
would be necessary later on. This high level of predictability was caused by the rather incremental nature 
of the project. The four interviewees indicated that they had been aware of the lack of certain type of 
equipment needed to carry out the required measurements:
"We do not have those measurement facilities here [at our firm] with those particular options. We do 
have some facilities, but not the particular one with the 'double inlet'mechanism as the public research 
institute possesses. So, their equipment was complementary."
The two other cases could simply be described as 'rescue research'. The collaborative activities for these 
two projects were not planned -  the encountered problems were not foreseen -  and thus started on an 
ad-hoc basis. An external partner had to be quickly found to save the project from failing. This need for 
speed had two interdependent reasons: the time-to-market and status of the internal project. Both 
interviewees indicated that if the projects had failed, this would have happened 'just before' the market 
introduction of the product (<2 years). Although for both products a market need had been identified, 
there was no guarantee this need would last. Since the teams had already tried everything within their 
capacity to make it work, it would be no use to continue the projects within the firm. Immediate action 
was thus necessary to preserve the chances of success, before either the project team would fall apart or 
the market need disappear. In both cases, the project manager -  coming from the firm's development 
department -  then turned to an experienced employee of the firm's research department for help. This
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researcher subsequently approached a suitable external partner, set up the collaboration and managed it; 
the project manager was in no way involved in this process.26
The second difference regarding the content properties was related to the partner selection. While the 
'specialized measurements' project managers selected the best (i.e. possessing the right equipment), 
cheapest -  and preferably geographically seen the nearest -  option, the 'rescue research' interviewees 
only took the competences and reliability of the external partner into account. In these cases, the search 
was very quickly finished: in both cases, the researcher ended up at the research group at the university 
where he was working as a part-time scientist (see relationship). According to the two interviewees, this 
was the only way they could be absolutely sure about the reliability of the partner (i.e. no problems were 
expected regarding the secrecy of the work) and the match between the problem and available 
competences. The speed of the collaboration could be closely monitored, and if needed, increased.
Properties of the Knowledge Involved
From the focus on the reliability of the partner, it already became clear that the internal activities of 
firms have a high secrecy level. In line with the statement of the first round interviewees that firms usually 
strive to realize incremental innovation projects alone, all interviewees of the second round indicated that 
they would have preferred to not involve an external partner, be it a scientific institute, another firm, or a 
consulting agency. However, collaboration was absolutely necessary in order to finish the project. Although 
the firms possessed a high knowledge base cumulativeness regarding the project -  that is, it was within 
the core of their activities -  its completion would not have been possible without the knowledge from the 
scientific institute. A 'measurement' project manager stated:
"Without the knowledge that we obtained from our partner, we would not have been able to finish our 
project. In that case, we would just have missed the trials and should have looked for another partner."
Similar remarks were made by the interviewees of the 'rescue research' projects. An example:
"The university delivered knowledge that helped us to solve the bottleneck o f our internal project. It is 
almost needless to say that without that input, the project would have been stoppedpermanenty."
However, although the knowledge could be classified 'need-to-know', firms were not willing to make any 
concessions to the secrecy aspect. Even in the case of 'rescue research', the interviewees indicated that if 
they had to choose they would rather see the project fail than that the knowledge would somehow leak to 
competitors. The type of knowledge required helped to preserve this secrecy. For 'measurements' projects 
a firm did not have to share knowledge. The project manager provided samples, then was present at the
26 Since the researcher was in fully charge of the collaboration at the firm's side, this person was interviewed as he 
was considered to be the key informant. However, in the case he could not answer a question or lacked exact details, 
he consulted the project manager.
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measurements himself (see relationship) and afterwards took along the technical results. Since the public 
research institute, next to signing a non-disclosure agreement, was given no clue about what was exactly 
measured nor about its context, they could by no means leak specific knowledge. This way, firms were 
absolutely sure that secrecy was safeguarded. Project managers therefore considered this to be even a 
more attractive option for their firms than purchasing the often quite expensive equipment themselves:
"If we would ike to have that measuring instrument ourselves, we have to make a large investment. I  
think the initial costs would be about 100.000 euro, that is, without any costs o f maintenance. Now, we 
only pay a fraction o f that amount, while we obtain the results in a setting we can easily oversee."
In the case of both 'rescue research' projects, the firms collaborated with a university. However, both 
interviewees pointed out that there was no possibility for the partner to write a publication. In contrast to 
the 'measurement' projects, for the 'rescue research' projects considerable product-specific knowledge had 
to be shared in order to have a chance of success. As a result, the research and its findings needed to be 
kept absolutely secret. The type of knowledge required, as an interviewee indicated, simplified this:
"I do not think that the results were suitable for a scientific publication. It was no plain and well-defined 
piece o f research which you could easily write about. A ll kinds o f additional experiments would have 
been needed to make it a consistent scientific study; something for which there was no room."
Firms were thus not looking for fundamental understanding: they just needed answers which they could 
apply in their projects. In each case, the collaborative activities stemmed from issues that were currently 
under consideration at the firm. The investments in the collaboration were relatively short (only 3- 6 
months) and the end product would be marketed relatively quickly. The research was therefore classified 
as 'Edison' according to the Stokes-model (p. 131) or as 'applied' research. In all six cases, the results of 
the collaboration could also easily be appropriated by the firm. Since the highly-specific results were of no 
further use for the external partners, they agreed to be only paid money-wise for their services. As a 
result, the firm became the owner of the results. However, not all firms chose to mention the work of the 
scientific partner in a patent; most of them decided to keep it secret. An interviewee stated about that:
"In this case, we preferred to keep the results secret rather than mentoning them in a patent. This 
way, you overcome offering the possibility to a competitor to find out what you exactly did".
This reasoning was closely related to the incremental nature of the firm's activity. Since it only covered a 
small change in comparison to existing products, the interviewees expected that competitors -  acquainted 
with the products -  might to be able to deduce from a patent which way their firm was heading with its 
R&D-portfolio. In addition, the interviewees indicated that the firm might experience difficulties in 
patenting on it due to the relatively low level of newness. As a result, the benefits of a patent would hardly 
counterbalance the disadvantages; the secured secrecy would be enough.
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Properties of the Relationship
A clear distinction between the two configurations was found in the classification of the collaboration's 
institutional arrangement by the interviewees. The four managers of the 'measurement' projects chose 
'contract R&D' while the two 'rescue research' projects were entitled as 'consultancy & advice'. This latter 
classification was deemed suitable, because the academic was asked to solve a concrete problem within a 
relatively brief time period. Because the interviewees were working as part-time scientists in the same 
research group, they were certain that the problem was in the core of the academic's competences. The 
academic could therefore, to a large extent, use his existing knowledge without the need to read up:
"It was not our intention to just wait-and-see if  our problem was to be solved by the university. Not at 
all. We explained them the problem and made dear that they had only a limited amount o f time to 
crack it. We were not looking for a thorough literature study to frame it: we required results."
This need for speed was, as it was earlier mentioned, a consequence of the short time-to-market left, and 
status of the internal project. This latter feature was reflected in the timing of the internal -  that is, within 
the firm -  and external (at the university) activity. Due to the problems encountered and the impossibility 
of solving them, the internal activities of 'rescue research' projects were stopped. The team members had 
already been transferred to other projects and, strictly speaking, only the experienced researcher was 
internally still involved. In case of the 'measurement' projects, the internal activities were up-and-running. 
Throughout this process, the external partner was involved for a series of measurements several times. In 
figure 6.3, the timing of the 'rescue research' project is plotted left (mode B) and the 'measurement'- 
timing on the right (mode C).
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Figure 6.3: Timing of activities: mode B (left) and mode C (right)
Although both types of projects differed regarding the timing of their activities, the ratio between the 
internal and external work was similar. In all six cases, the internally accomplished work was believed to 
be much more than that carried out by the scientific institute. Even in the case the internal activities of the 
'rescue research' project would not be continued (cf. dotted line in mode B), still such I:E-ratio was 
considered to be correct. One of the interviewees said:
'I  think they -  at least five team members -  already spent two years o f almost full-time working before 
they contacted me with their problem. So, internally it is, and will be, much larger than externally."
While the central role for the researcher in the management of 'rescue research' collaboration already 
became clear, the communication and control issues for the other projects were also to a great extent
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handled by one employee, being the project manager. When measurements were needed, he contacted 
the public research institute and made an appointment. However, during the actual measurements which 
were for each series carried out on 2- 3 consecutive days, he was accompanied by 1- 2 colleague(s). The 
reason was that they -  at least including a researcher -  possessed specific knowledge of the materials to 
be tested. Since the firm hardly shared any knowledge with the external partner, it was important to have 
an expert who could help to interpret the results directly and provide new suggestions:
"We rented the apparatus and the operators. That means the experiments were carried out without 
them having knowledge about our project or matehals..[..].. I  and my colleague knew the materials 
very well, so we could decide on the spot what parameters we would like to change."
If a second person joined the project manager, it was often a technical marketing engineer with specific 
knowledge of the final application. In one case, the project manager even brought along the customer, 
however, the public research institute was not informed about his function:
"The customer was also joining us sometimes without the public research institute knowing that. They 
did not know it was the customer; we took him and said to our partner he was from our firm. They did 
not have to know: we do not tell things unless it is necessary""
During the days of measurements, the contact between the operators and the employees of the firm was 
very intensive. Other than that, only a peak in the mutual communication was seen during the planning of 
the measurements, by e-mail or telephone, and the digital sending of the report including (a copy of) the 
results. The measurements were planned in great detail -  "we would like 3 days of measurements on that 
apparatus, we have this quantity of material, and intend to work with those parameters" -  and, in most 
cases, the results and their effects on the project had already been discussed by the entire team before 
the report arrived. This pattern repeated itself as often as the number of measurement series:
"We used the results o f the 1st series o f experiments as input to make modifications to the materials for 
our product. When we had completed this, we went back to them to carry out new measurements."
For the 'rescue research' projects, a similar strictness in the management of the collaboration was found. 
Because of the importance of the external activities, both interviewees attached great value to a good set­
up of the communication and control elements. In doing so, the collaboration considerably benefited from 
the part-time employment of the interviewee. Even though in both cases only a final report covering all 
technical results was required, the number of face-to-face appointments was high. Especially during the 
initial phase (i.e. when the problem and its context were explained in detail) and the moment a 'lead' was 
found by the academic, many face-to-face meetings were held. In the meantime, the firm's researcher 
informed himself about the project's progress during his (two-) weekly visit at the university, while there 
was contact about emerging questions between the researcher and the academic by e-mail and telephone
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as well. During the whole collaboration period -  one took 4 and the other 6 months -  the interface 
involved only these two persons. Although the professor of the academic's research group was informed 
about the collaboration, he was not actively involved. The firm's project manager received updates as long 
as the internal project ran; however, once those activities were stopped, this communication ended as 
well. In both cases, due to the time the contract negotiations took, there was hardly overlap between the 
internal and external activities. This complicated the continuation once a solution was found:
"During the six months o f collaboration, there was hardly internal communication. Once the academic 
found the answer, I  started my efforts to restart the internal project. I  really had to persuade them that 
with the insights gained and solutions offered, the product could be realized."
The interviewees indicated that they really had to 'push' the results around in the firm. Because the team 
members were already working on other projects and the original manager had a new project to run, they 
were no longer interested in the 'old' project. With their 'tour' to convince people to resume the activities, 
the interviewees waited until the final solution was found; they did not mention small breakthroughs. In 
this process, they made use of the final report which they completed with results of the 'old' project, and 
brief presentations showing the original problem, its analysis and solution.
Performance Indication
The performance of the collaboration with the public research institute regarding the non-technical 
and technical criteria was easy to assess for the managers of 'measurement' projects. In all four cases, 
the collaboration was considered to be satisfactory. On the one hand, the quality of the technical results 
was good and the agreed objectives were reached, and on the other, the collaboration took place in time 
-  no delay was encountered in process nor in the reporting -  and also stayed within the budget. In all 
cases, for example, the partner had prepared the visit and was very helpful during the measurements:
"They were very helpful and easy going. Nice equipment too..[...].. Every time we went, we came back 
very satisfied. So, both the technical part and the process part o f the collaboration were good."
However, as one of the interviewees mentioned, there was also hardly anything that could have gone 
wrong, except for events like "the machine braking down" or "somebody getting ill suddenly". Everything 
was planned in detail and everybody who was involved knew what to do. Moreover, since the material to 
be tested was not radically new and the team members were already familiar with it, the measurements 
were seen as a necessary check more than an occasion at which 'shocking' results would be revealed. 
Nevertheless, in the case this would have had occurred, the projects encountered a serious problem and 
would be truly slowed down. On the subject of future collaboration with the public research institute, the 
interviewees indicated that the positive experience would influence their choice next time, but were unsure 
whether there would be a next time for them to need such a type of measurement.
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The interviewees of the 'rescue research' projects indicated that they had attached great value to the 
realization of the technical criteria, both regarding the collaboration itself -  i.e. quality of the results and 
objectives being met -  and its impact on the internal project. They considered the collaboration to be a 
last chance for the internal project to become a success; a chance that probably would not have been 
available if they had not been a part-time employee at the collaborative university. The interviewees 
explained this statement from both the firm's and university's perspective. Firstly, they stated that the 
project managers would have never contacted a university to solve the problem for three reasons: they did 
not know whom to contact, strict secrecy issues, and universities were considered to be "too slow" and 
"indifferent to their request". According to the interviewees, this latter aspect was also the problem from 
the university's point of view. Although the academic had to conduct some research, it was highly directed 
and not 'complete' enough to yield a publication. As a result, there were no scientific gains, only financial 
ones; something that is generally not preferred by universities. The project managers were thus surprised 
and hesitant when the experienced researchers suggested a university to study the problem. To overcome 
'classical' problems like arguments about the pace of the work and the leakage of firm-specific knowledge, 
a gatekeeper interface was installed. Accordingly, although the researcher was aware of the need for 
speed and did not want the project to continue any longer than necessary -  "if you encounter an 
impossible problem, it is cheaper to kill the project, than to continue it and keep trying" -  he left room for 
the academic to do his job; for example, the academic only had to write a final report, so he could spend 
as much time as possible on cracking the problem. In both cases, the academic came up with a solution, 
turned the collaboration into a success and thus helped to restart the internal project. In one case, the 
product is sold in the market, while for the other the last steps are made for full-scale production. Both 
interviewees admitted, however, that it had been unique that the project could have been saved like this.
Summary: Specialized Measurements vs. Rescue Research
Although firms have concerns regarding collaboration for short-term product (/process) related 
projects, sometimes they are left with no choice. A distinction was found between two types of 
collaboration: one is caused by the lack of equipment which is needed for specialized measurements, 
whereas for the other, a serious problem is faced and the only way to 'rescue' the internal project is by 
consulting external expertise. Differences between both types were found in the number of team members 
involved, the time-to-market, and the way the scientific institute was selected. Although both types had a 
similar knowledge profile -  e.g. high appropriability chances and a high secrecy level -  the relationship and 
outcomes varied. The timing of the internal and external activities, for example, differed (p. 140): the 
internal activities were ongoing during the collaboration for 'measurement' projects, while they were 
stopped in the case of 'rescue research'. The 'rescue research' interviewees attached great value to the 
technical results of the collaboration and its impact on their internal project; the 'specialized measurement' 
interviewees deemed the collaboration's process to be very important as well.
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6.2-3 Technical Competence Building
Contrary to the previous categories, all firms had collaboration with scientific institutes that matched 
the 'technical competence building' category. This was a result of the participation of the firms in the 
Dutch Polymer Institute (DPI): the majority of the first round interviewees classified related projects as 
such. Because of the restrictions that were encountered in the case acquisition for the two short-term 
categories (not all firms possessed suitable projects), 12 projects were obtained from seven different 
firms. All interviews went satisfactorily resulting in a dataset of over 20 hours of audio-taped interviews, 
several documents, and many field notes. Two configurations emerged from the data set, which revealed 
important differences in the way the firms carry out their 'technology scouting' activities within consortia. 
Seven cases could be clustered in a configuration that was named 'watchful waiting', while the 
configuration of the five remaining cases was called 'shadow research'.
Properties of the Receiving Unit
The 12 cases had been classified as 'technical competence building' by the R&D-managers. An initial 
scan of the cases revealed a similarity in the concrete activity. The common denominator was named 
'technology scouting'. In each case, a firm had identified an interesting theme or technology area to be 
explored. In a consortium set-up, the firm, together with other firms, followed several long-term projects 
(carried out by PhD-students at several universities in the Netherlands) that were clustered around the 
selected theme. An interviewee briefly explained the participation of his firm in the DPI:
"Within the duster, there are two key themes. The number o f PhD-students working on the theme we 
are mainly interested in is between 10 and 15; normaiy almost all from different universities. This large 
number offers our firm the possibility to learn about many aspects o f the subject simultaneously."
To establish the best possible match between the firms' interests and the work of the PhD-students, in the 
case of the DPI, the firms and universities closely interacted during the definition of the projects. An 
interviewee described this procedure (which was comparable to the procedures in other consortia):
"The firms within a duster together bring up broadly defined questions, which are turned into proposals 
by academics. The project plans are then considered by the firms that decide which will be supported.
This way, you avoid an interest-work mismatch as well as firms dictating academia what to do."
Next to this similarity in the definition and set-up of the collaboration, the financial source firms used to 
pay for their participation and the scale of the activities was also the same. Experiments were carried out 
on a lab scale and the financial means came directly from the research budget. The interviewees of the 1st 
round who indicated that still a small fraction of their research budget directly came from headquarters, 
used these funds to participate in consortia. These resources were also entitled by HQ as 'funds for extra 
mural activities'. However, despite these similarities, a difference was found between the cases with
144
Chapter 6: Research Results
regard to other properties. In five cases the firm's project team consisted of 2- 4 researchers, while in the 
other seven cases, this 'team' included only one firm researcher. He was responsible for the monitoring of 
the PhD-students working on the theme. One interviewee put this situation and his role in it, aptly:
"I do not have any closely related activities running myself; that is, closely related to the work o f the 
PhD-candidates in the technological duster. I'm more like an observer on behalf o f my firm; I  monitor 
their work and try to absorb as much as possible."
However, although the seven interviewees had no closely related activities running, each of them pointed 
out to be, at least to some extent, acquainted with the theme they followed ("It is not like trying to teach 
a chemist the fundamental ideas of psychology"). The exact reasons of the interviewees to monitor the 
research showed some differentiation. Five of the seven indicated the theme had been identified by their 
firm as "of potential importance for future product directions". By means of the fundamental, explorative 
work of the PhD-students, they tried to obtain an initial insight into technological (im-)possibilities As a 
result, they also tested the feasibility of their ideas. An 'observer' for a very new idea of his firm said:
"Our core business is to make sticky materials. Headquarters, however, indicated one day that fuel cells 
might become o f importance in the future. So, the projects I  followed in the consortium about those 
devices were aimed at learning about, and getting more familiar with, the technology."
The two remaining interviewees indicated they were looking for "associative inspiration". They did not 
have a particular interest in the exact results of the research itself, but were looking to be inspired for their 
own future activities by, for example, methods used by or ideas from the PhD-students. Even though they 
admitted that one would not directly link their work to that of the cluster, enough overlap existed between 
both activities for the researcher to be eventually enlightened. As a result, in all seven cases the 
interviewees 'waited watchfully' on developments at universities and once obtained tried to translate the 
knowledge to future plans of the firm. One interviewee entitled this to be a "gatekeeping" task:
"By means o f the consortium, we are able to explore the technological field, learn about it, and try to 
translate the knowledge to our own ideas..[...].. Since we do not have any related internal activities yet, 
but only broadly defined ideas, I  would rather call it gate keeping than platform building."
In the cases the project team consisted of more than 1 employee, related research activities were running 
in the firm. The five interviewees -  i.e. managers of these activities -  indicated that their project teams 
had started to explore the technological area before they began to follow the external activities in the 
consortium. Even though most team members were not working full-time on the project, a substantial 
amount of knowledge was already developed and several technical competences were built. While the 
seven 'watchful waiting' interviewees expected the time-to-market to be more than 10 years, these five 
interviewees estimated it to be in the region of 6- 8 years: they expected to need another 3- 4 years to
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fully develop the technology platform, after which its implementation in a business unit would take another 
couple of years. They emphasized, however, that it was a rough estimation that would only hold true in 
case everything would succeed without any delay or change in priorities of the business units:
"We are building a technology platform; the development o f the product will take place in a business 
u n i t . .W h e t h e r  this specif c route will be long-lasting depends on if  we keep on realizing progress: 
when it turns out, for example, it cannot be converted to practical systems, it will just be stopped."
The activities at the university ran parallel to this process. According to the five interviewees, the reason to 
follow the work of the PhD-students was that it was complementary to that of the firm (see knowledge 
involved). Although the external work was in the same technology field and (almost) the same theme, in 
the beginning it was carried out rather independently from the firm's work. Afterwards it followed the 
firm's work as a 'shadow' (see relationship), giving rise to the 'shadow research' configuration.
Properties of the Knowledge Involved
Regarding the knowledge base -  the firm's related internal status -  and flow, i.e. knowledge to be 
transferred, a difference was found between the 'watchful waiting' and 'shadow research' projects. In the 
case of the first type, the knowledge flow could be described as 'nice-to-know', while an actual knowledge 
base was, to a large extent, still lacking within the firm. Except for the interest in the technological area 
caused by the broadly defined directions for future products and some general familiarity of the 'observer' 
with the theme, the firm had no accumulated knowledge base yet. One of the interviewees stated:
"It is more ike observing the academic work, because it is considerably new to us..[...].. The reason to 
observe is simply and solely the prospect o f a technology that might create value in the long-term. We 
do not have any related activities ourselves; it is a first exploration o f a new technological area."
The interviewees also hardly paid attention to secrecy issues. Except for the contracts originating from the 
consortium itself, no arrangements -  for example, non-disclosure agreements -  were made by the firm 
with academics or their universities. An 'observer' explained why:
"We primarily listened during the plenary meetings with the PhDs in our technology duster. We did not 
know that much, so we could not really share any knowledge. They should teach us."
The requirements for the technical knowledge to be obtained were also low. It was described as 'nice-to- 
know', of a general nature (i.e. it was by no means specific to the firm), and no actual considerations to 
appropriate the knowledge were existing in the firm. In all seven cases, the knowledge could be classified 
as 'Bohr': the 'gatekeepers' were looking for a basic understanding of a theme in a certain technology area 
(e.g. coatings that repair themselves). Although the theme was identified in advance on the basis of future 
product directions, actual considerations of use were low. The interviewees indicated that the general
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nature of the research carried out also made that the external work was not suitable for such 
considerations. The PhD-students in the consortium conducted pre-competitive research that, on the one 
hand, should add value to the academic world by scientific publications and, on the other, to the industrial 
partners by creating intellectual property. However, despite the attention paid to the possibility to apply for 
patents by the consortium management, the interviewees indicated they never actually obtained one:
"We participated a number o f time in the procedure to apply for a patent. However somewhere in that 
process, and generally pretty soon, we decided to step out. The pre-competitive nature o f the research 
together with our limited knowledge on the theme makes it hardly beneficial to obtain a patent."
Although the interviewees of the five 'shadow' cases participated in similar consortia, both the knowledge 
base and flow were found to be different. This was caused by the activities which were conducted in the 
internal projects. Since the project team had already started to explore the technology area, it was by no 
means very new to them what was studied by the PhD-students. All project managers indicated that their 
teams had already built up a some know-how and were also not willing to share this knowledge freely with 
the other partners. Especially, if one of the partners was a direct competitor, a certain level of secrecy was 
taken into account by the project managers. One of them stated:
"In that project, one o f our competitors was also participating. That directly brings about the situation 
in which everybody adopts an attitude o f I  know something, but I  am not going to tell you about it'."
Nevertheless, when compared to the knowledge R&D-employees possessed on 'core' technological fields of 
the firm, the know-how was less far developed. A brief exploration by the project team had provided the 
firm an overview of the (im-)possibilities concerning directions for future applications. Based on this 
information, it had been decided which technology platform was to be developed. In all five cases, these 
follow-up activities were running. However, as one of the interviewees explained, this mainly deepened the 
knowledge base regarding applications, and not -  or hardly -  touched the more fundamental side of the 
technology. For this complementary knowledge, they joined the consortium:
"We already developed some knowledge about the application side o f the technology platform. We did 
some modeling and nice work was done to explain phenomena physically. However, what we needed -  
and did not have time for ourselves -  was factual knowledge about the fundamental part."
However, in order to acquire knowledge that was relatively closely related to their own developments, the 
interviewees indicated they had to redirect, to some extent, the research of one or two PhDs. In most of 
the cases, this process went almost automatically without any problems (see relationship). They were able 
to obtain knowledge that was more use-inspired or 'Pasteur' in the Stokes model (p. 131) than the 
'observers'. The appropriability chances were, however, only rated to be medium: the presence of 
competitors and the need for a PhD-thesis made it difficult to exclusively appropriate the knowledge.
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Properties of the Relationship
In all of the 12 cases, the interviewees classified the institutional arrangement of the collaboration as 
'research consortium'. Their choice was based on the number of scientific institutes (primarily universities) 
and other firms following the projects. A difference was encountered in the number of partners between 
the projects of the DPI and STW.27 In the case of the DPI, this number was relatively high, while for STW- 
projects it was lower. One of interviewees explained:
"I have been involved in both the DPI and STW. Research projects in the latter consortium take place 
on a smaller scale; that is, normally you have a setting with only 2, or occasionally 3, industrial partners 
that raise a question and subsequently follow the work o f a small number o f PhDs."
The ratio between the internal (firm) and external (scientific institute) work showed a difference between 
the 'watchful waiting' (6x DPI; 1x STW) and 'shadow research' (2x DPI; 3x STW) cases. For the first, the 
ratio was clear: the work accomplished at the universities was much more than that carried out within the 
firm. Irrespective of whether the PhDs worked within the DPI setting or STW consortium, they conducted 
more research activities than the 'gatekeeper' did himself. For the 'shadow research' cases, this ratio was 
harder to estimate for the interviewees. A distinction was made between two collaborative phases: once 
the external activities started, the internal work was outshined. However, the I(nternal):E(xternal) work 
ratio changed over time. After the firm had 'selected' one or two interesting PhD-project(s), the external 
and internal work started to balance each other more or less (E~I). While these projects were followed 
more intensive, for the remaining PhD-students present in the consortium the project manager became an 
observer. In the timing of activities (figure 6.4), this moment is indicated by the vertical dashed line in the 
left scheme (mode D); the other shows the timing for the 'watchful waiting' cases (mode E).
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Figure 6.4: Timing of activities: mode D (left) and mode E (right)
The exact moment for the firm to select one or two project(s) was hard to pinpoint, since it had been a 
diffuse process ("I would rather call it a gradual transition than a concrete decision moment"). However, in 
all cases this process had taken place in the early stages of the external activities. As a result, a large 
period of overlap between the work at the firm and the university was possible, even though this did not 
occur in two cases due to a lack in progress (see performance indication). A vital role in the 'intensifying' 
process was played by the 'shadow research' project manager as he was responsible for the coordination
27 The Dutch government founded several consortia. Next to the DPI (p. 33), Technology Foundation STW has been 
funding scientific research at Dutch universities and institutes since 1981. Its working methods bring together, right 
from the start, researchers and potential users of the results of that research. For more information: www.stw.nl
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procedures on behalf of his firm throughout the collaboration. Although the actual communication and 
control aspects of the PhD-projects -  for example, regarding milestones and deliverables -  were managed 
by the professors involved and staff members of the consortium, each of the participating firms could 
delegate (at least) one employee to plenary meetings that took place several times a year. In most cases, 
this employee was the same as the one who had been involved in defining the theme for the PhD-projects. 
During such a meeting, this contact person received, together with other industrial partners, an update of 
the research of the PhD-student. One of the interviewees stated:
"I was present at progress meetings that were held four times a year. Preceding such meetings, I  as 
well as contact persons o f other participating firms received several reports. This organization was a 
part o f the consortium framework. I  did not have to actively look after or manage that process."
Once these PhD-projects were up-and-running, the contact person -  who was in the meantime manager 
of the firm's project as well -  confirmed in the link between the internal and external activities he 
anticipated. However, even though he had taken into account his internal project during the theme setting 
of the PhD-projects, it was not self-evident that a concrete link would be established between both 
activities. One of the interviewees stated:
"It depends on many factors whether the link you anticipated will be actually established. After all, you 
are in a consortium setting with many other industrial partners and professors who can all have an 
influence on the projects' directions. Moreover, the qualities o f the PhD-students are important as well."
However, once a link became clear, the project manager tried to arouse the interest of the PhD-student(s). 
The relation was slowly strengthened by means of an increased communication frequency; i.e. at first by 
participating actively during the formally arranged meetings and showing 'an above average' interest, and 
later on also outside those meetings by (mainly) e-mail and (some) phone calls. However, this process was 
dependent on the room that was left by the PhD-student, the professor(s) involved, and the other 
industrial partners; in case a PhD-student indicated not to be interested in extra contact, the project 
manager would not try to persuade him. The interviewees indicated that the basic principle should be a 
mutual interest. If this was present, however, they agreed that both parties should benefit from it:
"You have to bear in mind the fundamental nature o f the research a PhD-student should conduct. That 
implies I  can not push him to solve concrete questions. However, by showing him our practical context 
o f his basic research, the relevance o f his work can increase. A win-win situation is then created."
The increased influence of the 'shadow research' project manager on the direction of the external activities 
was thus used to redirect the research of a PhD-student a little bit in order to match it with the firm's 
activities. In practice, this resulted, for example, in the firm supplying the PhD-student with samples for his 
measurements or offering him a possibility to look around in the firm and become more familiar with an
149
Industry-Science Collaboration in the Dutch Chemical Industry
industrial context. However, since no additional secrecy agreements were signed, the PhD-student was not 
informed about the internal activities or its results. Still the student was able to broaden his view, while the 
firm obtained fundamental results and insights that were complementary to their own applied activities. 
The project manager shared this knowledge with his team, put the final thesis in his cupboard, and if 
available, uploaded a digital copy on the firm's intranet:
"I am responsible for spreading the obtained knowledge. However, I  only actively share it with my team
members; other than that I  store it, make it available to colleagues, and tell them about it f  necessary."
In the seven 'watchful waiting' cases, the interviewees acted as a gatekeeper for their firms. However, 
although in all cases the setting was the same as for the 'shadow research' project managers, and similar 
chances were offered, the 'watchful waiters' only participated in a passive way -  "I am a very good listener 
and that's about all I do" -  in the consortium. They did not, for example, try to contact the PhD-students 
outside the meeting nor thought about inviting them for a guided tour in their firms. Their main task was 
to "watch and learn". Since the 'watchful waiters' had no team to share the obtained knowledge with, they 
only stored the knowledge and made it available to their firm. However, this turned out to be redundant in 
most cases: although the firm had indicated to be interested in the pre-competitive research, this interest 
was found to be shorter-lived than the external activities.
Performance Indication
Concerning the performance of the collaboration, the seven 'watchful waiting' interviewees made a 
distinction between the technical ('output') and non-technical ('process') performance. They pointed out 
they were not able to influence the latter -  the process was managed by the consortium staff -  and thus 
attached no great value to it. The 'watchful waiters' had been interested in the technical results. However, 
where the reason to follow the PhD-projects had been that the theme was considered by the firm to be "of 
potential importance for future product directions" (five of the seven cases), this interest vanished before 
the external activities ended. Two reasons were discerned: the initial results were disappointing, or the 
firm itself lost interest in the theme due to internal changes. An interviewee who faced the latter said:
"After a couple o f years, the frm  recognized it had made a mistake regarding the expected trend. As a
result, the commitment o f our firm to the work in the consortium disappeared already before it ended."
The collaboration had therefore no technical impact on the 'internal' project (e.g. 'outcome'; p. 103): the 
status of 'no internal activities' did not change and no new collaboration with a university was initiated. No 
follow-up occurred for the two interviewees that were looking for "associative inspiration" as well. The 
external work they followed had not even resulted in a so-called 'Friday-afternoon experiment'. As a result, 
the interviewees concluded that the collaboration had only been satisfactory regarding the non-technical 
impact of the collaboration (e.g. 'social' outcomes). Even though their firms had not directly started new
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collaboration, they considered their participation could have a positive influence on future ones. They had 
been able to increase their views on the possibilities of participating universities, which would make it 
easier to approach them if required. Moreover, they were able to 'scout' the PhD-students. Especially to 
this aspect, the interviewees attached great value. An interviewee put it aptly:
"As a large chemical firm, you are always looking for new employees. A consortium is a perfect place to
see how the PhDs work and become acquainted with their qualities. I  see it like a sort o f 'talent pool'."
The response of the 'shadow research' project managers was similar regarding the 'social' outcomes. 
However, next to the insight they gained into competences of the universities, they indicated that the 
visibility of their firms increased as well. Their active participation -  which was logically accompanied with 
some disclosure of the internal activities in general -  resulted in universities to approach them more often 
with all kinds of related ideas. One of the interviewees mentioned:
"Since our firm is participating in consortia, the number o f questions to take part in other public-private
partnerships has increased. We receive more good suggestions for bilateral collaboration as well."
The consortium participation was believed to be important as a result of the long-term collaboration 
perspectives it offered. However, in none of the 'shadow research' cases the PhD-projects were followed 
immediately by new (bilateral) collaboration for similar activities. This had also not been the intention of 
the project managers: the PhD-research offered enough basic understanding to serve as 'background' -
i.e. not having a direct technical impact -  knowledge for the theme. Moreover, the internal activities had 
already been stopped in two cases due to a lack of progress before the PhD-students finished their 
research. For the performance of the collaboration itself, the 'output' criteria were assessed to be good, 
and of importance. For the 'process' criteria, similar thoughts prevailed as among the 'watchful waiters'. 
One interviewee stated: "The fact I had more contact did not imply I could introduce new deadlines".
Summary: Watchful Waiting vs. Shadow Research
The activities aimed at technical competence building on themes in related technological areas, which 
used to be a core task of corporate research, are now accomplished with the help of consortia. However, 
the embedding of these activities in the firm revealed two configurations: 'watchful waiting' and 'shadow 
research'. Whereas in the case of the first there were no related internal activities, in the case of the latter 
a small project team (2- 4 researchers) was already working on the theme and the project manager tried 
to establish a link. As a result, differences were found in the expected time-to-market, in the profile of the 
knowledge base and flow, and communication frequency. However, because of the existing consortium 
framework, communication and control issues were to a large extent arranged outside the control of the 
firm. The 'watchful waiters' attached great value to 'social' outcomes; the 'shadow research' interviewees 
considered the technical outcomes of the collaboration to be important as well.
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6.2-4 Discontinuous Innovation
Similar to the previous category, all firms had collaboration with scientific institutes that matched the 
'discontinuous innovation' category. For this conceptual category, 12 projects were acquired from eight 
firms. In total, ten project managers were interviewed -  two of them for two collaboration projects -  
which led to a dataset of over 18 hours of audio-taped interviews. In addition, several documents from the 
internet and many field notes were used for the description of this category. As it was argued by the R&D- 
managers, the distinction between 'technical competence building' and 'discontinuous innovation' projects 
was difficult to make at first sight. However, a common denominator could be found: 'innovation 
scaffolding'. From the data two clear configurations emerged: one of them (i.e. 'multiple pieces'; six cases) 
showed a considerable overlap with the earlier discussed 'shadow research' cases (§ 6.2-3). The other (i.e. 
'single piece'; six cases) largely resembled the 'specialized measurements' cases (§ 6.2-2).
Properties of the Receiving Unit
The 12 cases were classified as 'discontinuous innovation' by the R&D-managers. The initial scan of 
the projects resulted in a common denominator for the concrete activities which was entitled "innovation 
scaffolding". In all cases, the firm turned out to have a clear concept of what the specifications of their 
new product or process should be. Accordingly, the internal project team was working on the construction 
of the innovation; in comparison to long-term competence and short-term product development activities 
the status of the development could be regarded as being halfway. However, to fill out missing pieces in 
the process -  which turned out to vary from a particular knowledge fragment to the development of a new 
material to a synthesis technique (see knowledge involved) -  a firm approached a scientific institute. One 
of the interviewees gave a description that was generally applicable:
"Our target was very dear. The product idea had crystallized out and the type o f materials to be used 
was specified. The very details were o f course still lacking and had to be put in, but that was the job we 
had to do. For the pieces we missed in that process, we collaborated with an external partner."
Besides the resemblance in concrete activity, the size of the internal team (2- 4 project members) and the 
scale of the activities (experiments on lab-scale) were also similar between all cases. Nonetheless, both 
elements revealed differences that led a distinction between two configurations: the background of the 
team members varied and in a number of cases the experimentation changed to pilot scale over time. 
Where in six cases the team consisted only of researchers, for the others the members came from a mix of 
BU-departments (e.g. marketing, development, production) and involved only one researcher. This 
researcher was not the actual project leader -  that person came from development or production -  but 
played an important role in the management of the collaboration (like for the 'incremental innovation' 
category, the researcher was interviewed and the project manager acted as a 'backup' in the case not all 
questions could be answered by the researcher). In addition, the scale of the internal activities was
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increased in some of these cases: a number of tests runs were made in a pilot plant. Corresponding to 
these differences, the source of funding was dissimilar as well: while the six cases with a project leader 
from the development or production department received the financial means directly from the business 
unit, for the other six cases the resources came from the research budget.28 In the latter cases, a part of 
the project's budget was spent to simultaneously collaborate with a small number of scientific institutes -  
between 3 and 7 -  to obtain 'multiple pieces' needed for the internal activities:
"There were a number o f partners with whom we collaborated at the same time: two universities, one 
public research institute and a spin-off company that was specialized in synthesis. In this set-up, we all 
had our own role and goals; our goal was to integrate their knowledge and use it for our process."
In two of these six cases, the firm itself started several related external projects to gain the required 
knowledge (see relationship). In the other four cases, these partners were joined by a consortium that 
was founded (and partly funded) by the European Union -  involving at least one Dutch scientific institute -  
or the Dutch government. As a result, the firms were able to hold down the costs while they obtained the 
knowledge they needed for the progress of their own work. Although this could result in some redundant 
partners, it was believed to be an important benefit. One of the interviewees stated:
"An important reason to participate in the consortium was that it offered our firm the chance to obtain 
the knowledge we needed -  but could not develop ourselves so fast -  for a considerably lower amount 
o f money than in the case we had set up the consortium."
In the other six cases, the firm collaborated with only one scientific institute to obtain a 'single piece' that 
was considered to be missing at that moment. A relatively short-term collaboration -  no more than two 
years -  was started after a suitable partner had been identified. This process showed a similar pattern as it 
was observed for 'technical competence leveraging' projects (p. 128): whereas in all 'multiple pieces' cases 
there had been earlier contact and/ or collaboration with the external partner, this happened to be the 
case for only one 'single piece' collaboration. One of the five other interviewees stated:
"We knew in advance that we would not have the manpower to solve a number o f related questions in 
the project. As a result, I  went looking for a suitable partner by means o f scanning scientific articles, 
recalling old -  and visiting new -  presentations at conferences, and searching on the internet."
Even though in all 12 cases the need for collaboration was anticipated by the project managers -  "It was 
easy to calculate based on what we can and the specifications of the new product that we required 
external knowledge" -  both the type of input (see knowledge) and time-to-market showed differences.
28 In most of the firms, this budget was determined once a year based on a match between questions from the 
business and project proposals from the research department. However, interviewees indicated no large fluctuations 
were expected in the coming years. About 70% of the budget was generally used for staff expenses.
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Despite the fact that the project team had a clear concept of the end result, the 'stage of construction' 
varied between the 'multiple pieces' and 'single piece' cases. One of the two interviewees who was 
interviewed for both types of cases expressed this difference in the expected time-to-market as well as in 
the level of confidence he had that the internal project would meet the defined end result:
"Referring to the project we discussed before: this one was more like a research project with a longer 
time-to-market. Moreover, although there was a dear idea about the end-resutt, there was no actual BU 
involvement this time. So, overall, I  think the chance it will be useable as well as used is smaller."
In other words, the internal teams of the six 'single piece' cases needed only a couple of additional 
'scaffolding-poles'. In the six 'multiple piece' cases, the foundation for the end-result had been laid, but the 
internal team needed several external partners in order to obtain complete scaffolding. Only this way, the 
internal team would be able to construct the product or process.
Properties of the Knowledge Involved
In line with the differences found for the embedding of the collaboration in the firms, the knowledge 
profile turned out to be dissimilar as well. In the six 'single piece' cases, the knowledge base was further 
developed and the knowledge flow had to meet more stringent criteria. Even though the activities the firm 
asked the scientific partner to carry out covered more than only a number of 'specialized measurements' -  
some research was included -  it was by no means fundamental or basic work. The applied research was 
highly specified to the firm's product development process and clear considerations of value were already 
present. The knowledge could therefore be classified as 'Edison': the firm had high considerations of use 
and was hardly interested in fundamental insights concerning its question. As a result, the firm insisted on 
becoming the exclusive owner of the results. One of the interviewees stated:
"Our frm  became the owner o f the results; that was something which was stated in the (collaboration-) 
contract. For us it was a strict requirement which could not be challenged."
Nevertheless, despite the fact that the external activities were of great importance for the firm, they could 
have been realized by the firm itself. For all six 'single piece' cases, the interviewees indicated that the 
external work would have been accomplished by the project team if they had had enough manpower at 
their disposal. Their members possessed enough competences and knowledge, but the project manager 
was forced to collaborate with an external partner owing to the described shortage. An interviewee said:
"From previous experiences, I  know it is hard to have somebody working on such a subject full-time. In 
general, the people who work here have many more things to do."
The external work involved a well-defined, rather 'stand-alone' issue that was aimed at enriching the 
knowledge base; it could, for example, encompass research to identify the ideal conditions for a reaction
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that already worked in practice, or the refinement of an existing concept for a certain product or process 
aspect like a filter. In all cases, the knowledge obtained would enable the project to increase speed and 
efficiency (see performance). Despite these expected advantages, however, the firm was not willing to 
accept any risk regarding secrecy. The high knowledge base cumulativeness -  the project was already 
running for several years in the firm -  made the project leaders act carefully regarding the partner:
"She worked here at our firm during the collaboration, however, she had to give a lecture on her work 
at the university. We checked that lecture, just like the reports she wrote. Moreover, we asked her 
professor to return the reports; simply to be sure..."
The knowledge base was less far developed in the 'multiple pieces' cases. Although the project team had 
already started to work, only the 'foundation' -  for example the specifications the new product or process 
should meet -  had been finished. Often these requirements had been discussed with a BU that was 
interested in the innovation, but was further not actively involved in the project. In addition, an initial 
exploration of the field had been finished which, for example, led to an overview of the existing patent 
landscape. The discontinuous nature of the innovation, however, made that the project team could not -  
at least not to a large extent -  use an existing knowledge base. An interviewee stated:
"We had already built up some knowledge and several competences; we did, for example, a literature 
and patent review as well as some practical experiments. However, to reach our goal, external partners 
were needed to develop knowledge about unknown -  i.e. for us, not for them -  technical aspects""
In most cases, one of the scientific institutes possessed, for example, a basic technique for the synthesis 
of new materials (e.g. a master-batch facility) or knowledge on the modification of specific materials using 
a secondary operation to improve properties or to add a functionality. The project manager did not 
consider to work internally on such vital, complementary aspects, because it would be too much work and 
too expensive. Collaboration with partners who possessed the basic know-how was a better solution. The 
possibility in four 'multiple piece' cases to do this within a 'sponsored framework' (the other two cases 
could not find a suitable framework and had 'bad luck) was regarded as a great benefit. As long as it met 
the target and the rules that had been formulated by the subsidizer, the firm could compose its own 
consortium. Although the firm would not become the exclusive owner of the results because of this set-up, 
the relatively premature status of the external developments -  no patents were applied for yet -  and the 
lack of competitors in the consortium made that this was not considered a problem ("I think the partners 
would have been willing to transfer their IP in exchange for money"). Moreover, the success of all activities 
including those of the firm remained to be seen. Similar to the 'shadow research' cases, the firm 
intensively interacted with some of the partners -  those who had been selected beforehand -  to tune the 
internal and external work and obtain knowledge that could be classified as 'Pasteur'. The 'redundant' 
partners were asked to study related phenomena, so the firm could obtain a complete overview.
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Properties of the Relationship
The classification of the collaboration's institutional arrangement for the six 'multiple pieces' cases was 
rather straightforward; four considered it to be a consortium, while the two remaining project managers 
described it to be 'research funding'. However, since in the latter cases collaboration had been initiated 
simultaneously with several partners for the same subject, a consortium was considered for a moment as 
well. The classification for the 'single piece' cases showed more diversity: temporary employment was 
used three times (collaboration with a university; see quote), contract R&D two times and a research joint 
venture once (all with one public research institute). Whereas the 'joint venture' case showed several 
differences -  caused by the 'take-off' of the internal project (see performance indication) -  the first five 
'single piece' cases turned out to be quite similar with regard to the properties of the relationship. The 
main difference between both situations was that for the three 'temporary employment' cases the firm got 
the possibility to let the academics work in the firm. An interviewee explained the background:
"Some Dutch universities offer the possibility to 'hire' an academic for 1 year for a fixed sum. It is called 
a TwAIO-project -  a sort o f two-year PhD. In year 1, the academic learns about the latest technical 
methods at the university; in year 2, he has to do an internship to finish his education program."
The resulting ratio between the internal and 'external' -  i.e. accomplished by the academic -  activities 
(I>E) emerged also for the three other 'single piece' cases. Moreover, the internal and external work was 
running in parallel during the collaboration in all cases. For the 'multiple pieces' cases, a similar pattern as 
for the 'shadow research' cases was found: while the total amount of the externally accomplished work 
was larger than for those in the firm, the I:E-ratio with respect to the 'selected partners' was more or less 
in balance. Because of the firm's leading role in the organization of the consortium, the choice which 
external work to follow more intensively could be quickly made. However, unexpected results -  positive or 
negative -  could change this focus. The timing of activities (figure 6.5) thus resembled earlier described 
modes: 'single piece' (mode C) resembled 'specialized measurements' cases (mode C; p. 140), while 
'multiple pieces' (mode D' ) and 'shadow research' (mode D; p. 148) cases were largely similar as well:
| ext
1
ext i l^ ext
int int int 1 r  int int
Figure 6.5: Timing of activities: mode C' (left) and mode D' (right)
A small difference regarding mode C was that the external activity was rather long in the 'single piece' 
cases in contrast to the small number of relatively short 'measurement' sessions. The coordination 
procedures showed, however, additional similarities between both types of cases. Regarding the control 
and communication aspects of the collaboration the 'single scan' project manager was responsible, but the 
researcher that was working on the internal project was closely involved. Where this involvement was
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unavoidable for the 'temporarily employment' cases -  the academic conducted his research in the same 
laboratory as the researcher -  in the three other 'single scan' cases, it had been a deliberate choice of the 
project manager. One interviewee clearly explained the reason, which turned out to be applicable for the 
other cases as well, why the project manager had involved him in the management of the collaboration:
"I think the reason why I  was doseiy involved in the collaboration was that the issue was in a technical 
field I  know very well. I  think I  could have done the work myself, if  I  had had the time. Unfortunately, I  
did not. It was therefore a bright idea to obtain this specific piece o f knowledge this way."
As a result of this expertise, the researcher participated in (almost) all face-to-face communication with 
the external partner. Only for one 'contract R&D'-collaboration this type of communication was not on a 
daily (for the 'temporary employment' cases) or weekly basis. The interviewee blamed it on the distance 
between the firm and the public research institute, but indicated that the frequency of contact by means of 
e-mail and telephone was considerably high. In line with the communication aspects, the interviewees 
indicated that they and the project managers closely monitored the work of the external partner and that 
a strict planning of the activities had been drawn up. Despite the regular oral update that was obtained by 
the close contact, great value was attached to reports. In all cases, 1 or 2 interim reports were requested, 
in addition to a final technical report. The latter report was uploaded if possible on the firm's intranet, and 
its results became a part of a presentation to spread the knowledge among the employees outside the 
project team to establish the continuation of the project within the firm (see performance indication):
"The other team members were o f course also interested in the results and received an update during a 
progress meeting -  every 2 weeks -  or by briefly dropping by. Outside the team, the project manager 
held a number o f presentations in order to establish a so-called 'development release'."
Regarding the four 'multiple pieces' cases that were part of a 'governmental' consortium, the control and 
communication aspects were managed by the staff members of the consortium. Accordingly, the planning 
of the external activities -  e.g. milestones, deliverables and plenary assemblies -  was automatically drawn 
up. Although small differences were found between the 'EU' and 'Dutch' consortia in the number of face- 
to-face meetings and in the number of progress reports (two vs. four times a year), the firm intensified the 
communication, for example by e-mail, with certain partners within the consortium:
"Outside the 'framework meetings, I  have a lot o f contact with two partners in the consortium: a public 
research institute and a university. They indeed developed the complementary knowledge we needed. "
The types of partners participating in the consortia gave the firm the possibility to obtain the required 
'multiple pieces' simultaneously. In all cases, both universities and public research institutes were present, 
while only in the EU-consortia also other industrial firms were involved. These firms, however, were no 
direct competitors of the chemical firm. Accordingly, the project team received, for example, results of a
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basic secondary operation that was progressively developed by a public research institute, while at the 
same time a fundamental understanding into the effect of the processing technique on the materials was 
developed by a university. The firm was dependent on these results for own activities, and thus sometimes 
had to wait for its partners to come up with results. Since no additional contracts were signed the firm was 
dependent on the willingness of the external partners in this process. It could not force them to speed up. 
The lack of contracts also made that the project managers were somewhat careful:
"Technically, I  am the contact person for my firm in the consortium: I  tell -  what I  think is necessary -  
to the partners and distribute the obtained results actively among the team members. The partners 
know we do some work ourselves, however, they do not know the exact details o f it."
A fairly similar pattern concerning the coordination procedures was encountered in the 'self-made' clusters 
of the two remaining 'multiple pieces' cases. Comparable arrangements were found regarding the control 
of the activities (basic 'framework' regarding milestones and deliverables) and the way of external (e-mail, 
phone, face-to-face) and internal (actively to team members; passively to the remainder of the firm) 
communication. However, although the firm initially only selected complementary partners and had a 
stronger grip on the situation, the results that were generated in the cluster made that a variation in the 
intensity of coordination procedures (see performance indication).
Performance Indication
The performance of the collaboration with the external partners regarding both the technical and non­
technical criteria was satisfactory according to all six 'single piece' interviewees. The external work had 
met the agreed objective and was technologically seen of good quality, while it also took place on time 
and it stayed within the budget. The interviewees ascribed this performance to the close contact they had 
had with the external partner. In the three cases the academic worked within the firm this automatically 
happened. In the three other 'single piece' cases considerable attention was paid to this aspect which 
allowed the researcher and project manager to react quickly on difficulties of any nature:
"Because o f the dose contact, we could create a framework that enabled our partner to do the job. 
Although it covered real research activities, collaboration -  technically & operationally -  went perfect."
Regarding the impact of the collaboration, all 'single piece' interviewees indicated they mainly attached 
value to the technical part. The non-technical results (i.e. the development of perspectives for future 
collaboration) were of less concern. The reason for this focus was clear: even though the funding for the 
internal and external work came directly from a BU and the project was in an advanced phase, its 
'development release' -  that is the decision that the product would be produced on a large scale -  still had 
to take place. Only in two cases this choice had already resulted in a positive answer at the time of the 
interview; in one situation the firm had started pilot plant experiments, while in the 'research joint venture'
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case this stage had been passed and the product was close to market launch. The interviewee indicated, 
however, that the institutional arrangement had been a consequence of the internal 'take-off' ("We quite 
suddenly needed the external results to make our case as convincing as possible; we speeded up the 
process by joining the teams to enable closer interaction"). Regarding the four other 'single piece' cases, 
the internal project was in the build-up to the decision for two of them, while for the other two it had been 
put 'on-hold'. Despite the positive technical results of the collaboration, the complete picture of the internal 
project had been not been convincing enough to lead to a 'release':
"The results were good and because o f the collaboration we obtained them more quickly than when we
should have had to produce them ourselves. However, the BU-management put the project on-hold""
The response of the 'multiple pieces' interviewees only showed similarities regarding the value attached to 
the technical results of the collaboration. In line with the 'shadow research' cases, the interviewees were 
not able to actually influence the process, since it was managed by external persons. Also for the research 
funding cases, interviewees indicated the timing to be of less importance ("I rather obtain good results 
slowly than poor ones quickly"). In all six cases, however, the interviewees were somewhat disappointed 
with the technical results: it did not provide them the knowledge 'pieces' they hoped for. The interviewees 
blamed themselves for this. They had been too ambitious and demanded the (almost) impossible:
I  think we asked our partners to help developing a product with 'holy grail' properties; it was just too
complex..[...].. Our knowledge before we started to collaborate was insufficient; we were a little naive."
As a result, the internal activities were stopped at the moment the consortium ended. It had turned out to 
be a mission impossible, even if the external knowledge would have had an impact. The 'multiple piece' 
interviewees were positive about the 'social' outcomes: for a new collaboration on a similar topic, they 
would approach the same 'close' partners again. In two cases, firms employed a participating academic.
Summary: Single Piece vs. Multiple Pieces
The activities aiming at discontinuous innovation gave rise to two configurations which were entitled: 
'single piece' and 'multiple pieces'. Although the size of the internal project (2- 4) and the experimentation 
scale (laboratory) were similar, the background of the team members (mix of departments vs. research), 
the knowledge profile (Edison' vs. 'Pasteur') and the nature of the relationship (1 vs. >1 partner) were 
different. In addition, the financial source (business unit vs. research budget), the estimated time-to- 
market (medium vs. long-term) and the coordination procedures (timing-of-exchange mode; I:E-ratio; 
communication interface) varied. Concerning the outcomes, the technical results of the collaboration were 
in all 12 cases seen to be of great importance. However, while 'multiple pieces' interviewees indicated to 
be mainly satisfied by the social outcomes (e.g. some even employed an academic), the 'single piece' 
interviewees pointed to the importance of the process of collaboration and its technical impact.
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6.2-5 Overview o f the Results for the R&D-objectives
A within-category comparison of 36 cases in four conceptual categories of R&D-objectives led to eight
configurations. The key differences and similarities between the configurations are shown in table 6.2:
Table 6.2: Overview of the research results (short-term objectives above/ long-term objectives below)
R&D-Objective Category TECHNICAL COMPETENCE 
LEVERAGING
INCREMENTAL
INNOVATION
Concrete Activity 'Technology Scanning' 'Innovation Tasking'
Component
Properties Cfg Single Scan Multiple Scan
Specialized
Measurements
Rescue
Research
- Team size; department(s) inv. 2- 4; research 2- 4; mix 2- 4; mix >4; mix
RU
- Source of funding Research Business unit Business unit Business unit
- Expected time-to-market 6- 8 years 3- 5 years 3- 5 years < 2 years
- Partner selection criteria Network, Quality Quality Quality Quality
KI
- Specificity/ appropriability Medium Medium High High
- Cumulativeness/ secrecy High High High High
- Institutional 
arrangement(s)
Research
funding
Contract R&D Contract R&D
Consultancy & 
advice
RS - Communication interface Gatekeeper Gatekeeper Team Gatekeeper
- Timing of activities Mode A Mode A Mode C Mode B
- I: E- work ratio I ~ E I ~ e I > E I > E
- Knowledge distribution i/t firm Push Pull Pull Pull
PI
- Collaboration Output Output, Process Output, Process Output
- R&D-project Social Outcome Outcome Outcome
R&D-Objective Category TECHNICAL COMPETENCE 
BUILDING
DISCONTINUOUS
INNOVATION
Concrete Activity 'Technology Scouting' 'Innovation Scaffolding'
Component
Properties Cfg
Watchful
Waiting
Shadow
Research
Multiple Pieces Single Piece
- Team size; department(s) inv. 1; research 2- 4; research 2- 4; research 2- 4; mix
RU
- Source of funding Research Research Research Business unit
- Time-to-market > 8 years 6- 8 years 6- 8 years 3- 5 years
- Partner selection criteria Network Network, Quality Network, Quality Quality
KI
- Specificity/ appropriability Low Medium Medium High
- Cumulativeness/ secrecy Low Medium Medium High
- Institutional Research Rs. consortium, Research Tmp employm.,
arrangement(s) consortium Rs. funding consortium Rs. joint venture
RL
- Communication interface Gatekeeper Gatekeeper Gatekeeper Team
- Timing of activities Mode E Mode D Mode D' Mode C'
- I: E - work ratio I < E I ~ E I ~ E I > E
- Knowledge distribution i/t firm Push Push Push Pull
PI
- Collaboration - Output Output Output, Process
- R&D-project Social Social Social Outcome
Cfg= confguration; RU= receiving unit; KI= knowledge involved; RL= relationship; PI= performance indication
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Chapter 7
Discussion:
The Organization of Industry-Science Collaboration 
throughout
the Innovation Process
In this seventh chapter, the cross-category results are presented and discussed in relation to the chain- 
linked model o f innovation and the knowledge transfer model. A t first, the configurations o f a ll categories 
are compared to reveal cross-category sim ilarities. Secondly, newly emerging categories are introduced 
and linked to the theoretical models. Finally, the validity and applicability o f the results are discussed.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
Despite all the differences between chemistry and social qualitative research, in both disciplines the 
discussion chapter deals with the same subject: it describes the meaning of the findings in light of 
previous results made by other researchers. Its purpose is to present the principles, relationships and/ or 
generalizations that emerge from the results of the study. As a result, the discussion chapter points out 
the directions for the theoretical implications and practical applications which are presented in the 
conclusion chapter. With that, however, the need to mention the limitations and weaknesses of the 
conducted research directly becomes clear. The chapter includes all these elements: at first, the results 
are compared cross-category to obtain general relationships (§ 7.1). In addition, the answers to the 
research questions are formulated and related to existing theoretical perspectives. Next, the validity and 
applicability of the results are discussed, outlining the scope and framework for theoretical propositions 
and recommendations for chemical firms and governmental parties (§ 7.2).
7.1 Cross-Category Comparison
Four conceptual categories of R&D-objectives, identified based on literature (§ 4.2-2) and clustered in a 
2x2-matrix (figure 5.2; p. 110) as a result of the input of R&D-managers, were used for the sampling of 
the cases (§ 5.3). Within ten chemical firms, 36 cases were studied: for the two short-term categories 
(i.e. technical competence leveraging, incremental innovation) 6 cases and the two long-term categories 
(i.e. technical competence building, discontinuous innovation) 12 cases. Despite a similarity in concrete 
activity within each category -  for example all technical competence leveraging projects were aimed at 
scanning a technological concept or technology that was available at a scientific institute -  the cases 
showed differences in the properties of the receiving unit, the knowledge, and/ or the relationship. 
Moreover, the way in which the performance of the collaboration and its impact on the firm's R&D-project 
was assessed by the project managers varied. These research results produced two configurations for 
each of the categories. In the case of 'discontinuous innovation', for example, a 'multiple pieces' and a 
'single piece' configuration were found. In the former configuration, the firm tried to obtain input 
simultaneously from a number of partners as support for their project, while in the latter only one partner 
was employed to generate very specific knowledge for the firm. Although these two configurations were 
different within the 'discontinuous innovation' category, they showed a large overlap with properties of 
configurations in other categories: 'multiple pieces' resembled 'shadow research', while 'single piece' looks 
like 'specialized measurement'. To reveal as many as possible similarities between all configurations, while 
addressing the differences, a structured cross-category analysis has been accomplished (§ 7.1-1). For that 
reason, the conceptual framework is revisited. In this framework the ideas about innovation of Kline and 
Rosenberg (1986) were combined with the process model of Wood and Gray (1991) and theorizing efforts 
of Argote et a. (2003). The results of the cross-category comparison are summarized in § 7.1-2 (p. 168).
162
Chapter 7: Discussion
7.1-1 Properties o f the Context Components
In order to map the similarities between configurations of different conceptual categories, the results 
of chapter six are compared cross-category. The results of that comparison are described in this section. 
Along the lines of the conceptual framework (p. 99), the preconditions (i.e. the properties of the receiving 
unit and the knowledge involved), the process (i.e. the properties of the relationship), and the outcomes 
of the collaboration are evaluated. To do so, the properties of the eight configurations have been listed, 
compared, and grouped. The results for the preconditions are shown in table 7.1 (p. 163), for the process 
in table 7.2 (p. 165), and for the outcomes in table 7.3 (p. 167). The names of the groups (which appear 
bold in the three tables) are used for the summary of the results of the cross-category comparison. This 
summary uses the 2x2 matrix (figure 5.2; p. 110) and can be found in § 7.1-2.
Preconditions: Properties of the Receiving Unit and Knowledge Involved
The 36 cases studied showed variation in the properties of the receiving unit and knowledge involved. 
This variation across all eight configurations was compared for each component part separately in order 
to reveal similarities. For example, the structure properties (e.g. team size; source of funding; expected 
time-to-market) of all 36 cases were listed and compared. Three groups with distinctive properties could 
be discerned (examples in appendix C). These groups were entitled: weak, normal, and strong. The same 
procedure was followed for the content, knowledge base and flow properties. For these components parts 
also three groups could be discerned (table 7.1). As a result, the preconditions of each of the eights 
configurations can be build by combining one group of each of the four component parts. For example, to 
build the preconditions of 'watchful waiting' cases, the groups 'weak', 'research', 'low', and 'Bohr' need to 
be combined, while a combination 'normal', research', 'high', and 'Pasteur' builds the 'single scan' cases.
Table 7.1: Overall classification of the preconditions
Comp. Part Properties Groups
Group's name Weak Normal Strong
Structure - Team size 1 Team Member 2- 4 Team Members > 4 Team Members
- Funding source € EMR (/ RS) € RS/€ BU € BU
RU
- Time-to-market t > 8 years 3 < t (years) < 8 t < 2 years
Group's name Research (RS) Business Unit (BU) Production (PD)
Content - Selection criteria Network & Quality Quality Network & Quality
- Initiator University/ Firm Firm Firm
- Plans Foreseen Foreseen Ad Hoc
Group's name Low Medium High
Knowledge
- Cumulativeness Low Medium High
KI
- Secrecy-level Low Medium High
Group's name Bohr Pasteur Edison
Knowledge
Flow - Specificity Low Medium High
- Appropriability Low Medium High
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The properties of the receiving unit varied: the structure and content of the firm's R&D-project in 
which the collaboration with a scientific institute is embedded differed between the 36 cases studied. For 
the structural properties, this variation was mainly found in the size and composition of the firm's project 
team, the source of funding, and the expected time-to-market. The team included, for example, in the 
case of 'watchful waiting' only a single employee from the firm's research department, while for the 'single 
piece', 'specialized measurements', and 'multiple scan' cases, the team consisted of 2- 4 employees from 
different departments (e.g. marketing, production). The funds for collaboration could originate from the 
research budget, from a BU directly, or in a few cases from a special 'extra mural research' budget (EMR). 
The expected time-to-market differed across the eight configurations from more than eight years to less 
than two years. It confirmed that collaboration with scientific institutes can be initiated in all phases of the 
innovation process. The content part of the receiving unit also varied. Differences were mainly found in 
the way the firms selected the external partner (i.e. based on quality, network or a combination of both) 
and the actual initiation. Regarding the partner selection, projects managed by a researcher mostly 
involved external partners that were already known. Although this familiarity was not decisive in the 
choice for the partner, it was absolutely seen as a benefit. Regarding the collaboration's initiation, the 
seven 'watchful waiting' cases (i.e. the firm participated in the regular 'consortium' initiation of projects, 
but since it had no concrete project the university had a considerable voice in the research direction) and 
the two 'rescue research' cases (i.e. collaboration was not foreseen!) were rather dissimilar.
The properties of the knowledge base and flow also varied across the eight configurations. Regarding 
the knowledge base, variations in the cumulativeness (i.e. the degree to which newly acquired knowledge 
builds upon knowledge available within the firm) and the level of secrecy applied were found. In several 
cases, this team already had extensive knowledge and acted very carefully towards the external partner 
(both aspects rated 'high"), while for 'watchful waiting' cases, there was hardly any familiarity with the 
new knowledge and no extra attention was paid to secrecy issues (both rated 'low'). Regarding the flow, 
differences were found in the knowledge's specificity (i.e. the level to which it is specialized and targeted 
to a firm's application) and appropriability (i.e. the extent to which the firm becomes the owner of the 
knowledge). The appropriability was rated 'medium' in the case the firm had to share the knowledge with 
other partners (e.g. by a joint patent or scientific publication), and 'high' when the firm became the 
exclusive owner. Low specificity (or 'generic') knowledge was, for example, only generated in 'watchful 
waiting' cases; otherwise, the external knowledge was to some extent ('medium') or completely ('high') 
developed for a firm's application. The typologies of the Stokes' model (p. 131) appeared to correspond to 
the rating of the specificity and appropriability in the present study. In all cases the firm was looking for a 
fundamental understanding and had considerations of use ('Pasteur'), both a medium specificity and 
appropriability was found for the knowledge flow. If the firm had only consideration of use ('Edison'), both 
properties were found to be 'high'; if it merely was looking for a fundamental understanding ('Bohr'), both 
were 'low'. The Stokes' typologies (Bohr, Pasteur, Edison) were therefore used to name the three groups.
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Process: Properties of the Relationship
The 36 cases studied showed several differences regarding the properties of the relationship. Similar 
to the procedure followed in the case of the precondition construct, the differences in properties across all 
eight configurations were compared for each component part separately in order to reveal similarities. For 
the relationship, two component parts were identified: the institutional arrangement and the coordination 
procedures. In order to describe the institutional arrangement used in each of the 36 cases, the project 
managers were asked to make a choice out of eight options29 that had been selected based on literature 
(§ 4.2-2). The description of the coordination procedures was obtained by open questions. The focus of 
the present study for the coordination procedures was on the control and communication properties. The 
comparison of these properties (e.g. timing of activities, communication interface, I:E-work ratio) in all 36 
cases resulted in six different groups. After the identification of these groups based on the coordination 
procedures, the institutional arrangements involved were listed per group (and used for their name). In 
four groups, a single institutional arrangement was found; in two groups, more than one arrangement 
had been used across the cases belonging to that group. As a result, the process of each of the eight 
configurations is described by one of the six groups. For example, for the 'watchful waiting' cases this is 
the 'research consortium' group, while the group 'research funding' describes the 'single scan' cases.
Table 7.2: Overall classification of the process
Comp. Part Properties Groups
Research Funding Contract R&D Consultancy & Advice
Institutional
Arrangement
I ~ E 
Medium
I ~ E 
High
I > E 
High
Push Pull Pull; later on Push
Mode A Mode A Mode B
Control Gatekeeper Gatekeeper Gatekeeper
RL
- I: E- work ratio Above average Extensive Extensive
- Extent of planning
- Knowledge 
distribution i/t firm
Contract R&D/ 
Temp. Employment/ 
Res. Joint Venture
Research Funding/ 
Research Consortium
Research Consortium
Communication I > E I < E, later on I ~ E I < E
- Timing of activities High Low Low
- Interface Pull Push Push
- Frequency
Mode C/ C Mode D/ D' Mode E
Team Gatekeeper Gatekeeper
Extensive Above average Average
29 Eight cards were developed to assist the interviewees; each with an institutional arrangement on one side and its 
description on the other. The options: research consortium, research joint venture, temporary employment, buy a 
license or patent, consultancy & advice, research funding, contract R&D, and minority equity in an academic spin-off.
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Regarding the control, differences were found in the collaboration's planning and monitoring. Next to 
collaboration for which the number of milestones and deliverables planned were low (e.g. externally 
managed consortia; research consortium group), a 'medium' and 'high' extent of planning were discerned. 
This difference mainly appeared in the number of meetings planned. For 'single scan' cases, for example, 
a face-to-face meeting was planned every 6- 8 weeks (medium; research funding group), while for the 
'multiple scan' cases this interval was only two weeks (high; contract R&D group). A similar dichotomy 
was found for the distribution of the knowledge in the firm, which can also be considered to be the extent 
in which the collaboration's progress was checked by the firm. In a number of cases, for example, 'single 
piece', 'specialized measurements' and 'multiple scan', the project managers were proactively asked by 
their team members about the results generated by the external partner (pull). Other project managers in 
contrast had to 'push' the obtained results around; often they did this actively among the team members, 
while the remainder of the department had to search for the final results itself in the end report or, if 
available, on the firm's intranet. The last control aspect that showed variation was the ratio between the 
work that was carried out by the firm's project team and that accomplished by the scientific institute. 
Three possibilities were discerned: the internal activities exceeded by far the external activities (I>E; 
consultancy & advice group), visa versa (I<E; research consortium), and situations that both activities 
balanced each other more or less (I~E; 'contract R&D' and 'research funding").
Regarding the communication, variations were found in the interface, the frequency, and the timing 
of the internal and external activities (reflecting the generally accepted period for knowledge transfer). A 
gatekeeper interface was used in most cases: all communication with the scientific institute was done by 
the project manager. Only in the 'specialized measurements' and 'single piece' cases ('contract R&D, 
research joint venture, temporary employment' group) other team members had contact with the external 
partner as well, but they seldom told the external partner something about their project. The frequency 
reflects the extent of communication, for example by e-mail and telephone, which was not contractually 
arranged. In the seven 'watchful waiting' cases there was, for example, no additional contact between the 
partners (average), while in the 'rescue research' cases a lot more contact than what contractually was 
arranged took place (extensive). Differences in the timing of the firm's and scientific institute's activities 
were illustrated by several modes (figure 6.2- 6.5):
Mode A:
int
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J___L
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166
ext ext ext ext
int nt int
ext ext
ext
nt
nt
ext ext
int
Chapter 7: Discussion
Outcomes: Performance Indication
The performance indication focused on the performance of the collaboration and its impact on the 
R&D-project. For the collaboration as well as its impact, two technical and two non-technical criteria were 
formulated (table 4.4 on p. 97; also table 7.3). As a result, the performance was qualitatively assessed 
using four sets of two criteria that were named in the present study: 'output' (collaboration; technical), 
'process' (collaboration; non-technical), 'outcome' (impact; technical), and 'social' (impact; non-technical). 
The performance indication obtained from the project managers was originally aimed at improving the 
basic understanding of the 'receiving unit-knowledge-relationship' configurations found.30 The indication 
also revealed, however that variation exists in the applicability in performance criteria across the cases 
studied. Some project managers appeared to attach value to criteria of which they in retrospect said that 
it had not been realistic in advance to expect these criteria would be met. For example, in the case a firm 
participates in a consortium in order to be inspired in an 'associative' way, it should take into account that 
the knowledge obtained will be rather useless and probably also no impact will occur (i.e. rather than 
expecting to obtain knowledge on which new products can be based). Only social criteria are actually 
applicable in this case. The variation across all 36 cases in the sets of criteria to which great value was 
attached by project managers, and that were positively assessed (or negatively assessed, but considered 
realistic to be met) could be reduced to four groups (table 7.3). Accordingly, the outcomes construct of 
each of the eight configurations is described by one of these four groups. For the 'watchful waiting' cases 
this is, for example, the 'social' group; for 'single scan', the group 'output & social'.
Table 7.3: Overall classification of the outcomes
Sets of Criteria Groups
Social Output & Social
Output =
collaboration; technical
Increase of firm's reputation 
Increase of firm's academic network
Quality of the technical knowledge 
Realization of the agreed objectives
Process =
Increase of firm's reputation 
Increase of firm's academic network
collaboration; non-technical Output & Outcome Output, Outcome & Process
Outcome = 
impact; technical
Quality of the technical knowledge 
Realization of the agreed objectives
Quality of the technical knowledge 
Realization of the agreed objectives
Social =
impact; non-technical
Process's elements on-time 
Resources within budget
Process's aspects on-time 
Resources within budget
Application of the external knowledge 
Continuation of the firm's activity
30 Due to the focus on the collaboration, it was impossible to obtain a complete picture of all dynamics of the internal 
R&D-project. As a result, decisions could have been made or events happened that influenced the project's success, 
irrespective of the collaboration's performance. It is therefore important to handle the results cautiously (see § 7.2-3).
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7.1-2 Summary of Cross-Category Comparison
The aim of the cross-category comparison was to reveal similarities and differences between the eight 
configurations that were found by the within-category comparison in chapter 6. The properties of the 
receiving unit, knowledge involved, relationship, and the performance indication were compared and 
grouped based on similarities. For the relationship, for example, six groups could be discerned (p. 165). 
To reveal similarities in this summary, each of the eight configurations has been built by combining the 
groups (names appear in bold in the tables 7.1 -  7.3) that describe its properties. For example: the 'single 
scan' configuration is built by the combination of the 'normal', 'RS', 'high', 'Pasteur' groups of table 7.1 
(describing the properties of the receiving unit and knowledge involved), the 'research funding' group of 
table 7.2 (i.e. the properties of the relationship), and the 'output and outcome' group of table 7.3 (i.e. the 
performance indication). Next, all configurations were located in their original compartment of the R&D- 
clustering matrix (for example, all three 'single scan' cases in technical competence leveraging; left upper 
corner). The result of this cross-category comparison shows that a very large overlap exists between the 
shadow research and multiple pieces cases and between the specialized measurements and single piece 
cases (figure 7.1). Moreover, similarities in the properties of the receiving unit, the knowledge base or 
flow, and the performance indication (all underlined) reveal four patterns (separated by three diagonal 
lines). These patterns have been named 'technology gatekeeping', 'platform creation', 'business research', 
and 'technical support', and will be discussed in the next section.
Objective 
Time Span
Technical Competence Product/ Process
Short
Multiple Scan
:::
- normal, BU 
- high, Pasteur 
. - contra ct R&D 
Single Scan - output, process
- normal, RS & °utc°me
- high, Pasteur
- research funding
- output & social
Rescue Research
- strong, PD 
- high, Edison 
- consultancy & advice 
- output &
outcome
Spec. Measurements &
Single Piece
- normal, BU;
Long
- contract R&D/
Shadow R esearch* temp, emptoymentf
res. joint venture; Multiple Pieces . . 'r  - output, process &
Watchful Waiting - normal, RS; outcome 
. - medium, Pasteur;
- research funding/
, . . research consortium;
^ S s^—output & social
Colors of S  Technology §
Patterns: g Gatekeepmg g Creatio n Research Support
Figure 7.1: Final results of the cross-category comparison
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7.2 Answers to the Research Questions
The cross-category comparison revealed that the eight configurations could be clustered in four patterns. 
While, for example, large similarities between 'shadow research' and 'multiple pieces' cases were already 
apparent, 'single scan' cases had identical receiving unit properties and similar performance criteria. 
Despite these similarities, there are also clear differences like the institutional arrangement (i.e. research 
consortium) that was used for both long-term objectives but not in the 'single scan' cases. The knowledge 
bases also differed. The reasons underlying this and the (dis)similarities found in the other three patterns, 
are described in the first section (§ 7.2-1). This is done in the light of the research questions of this study:
1. What are the characteristics o f industry-science collaboration in the Dutch chem ical industry?
2. What is the relation between the transfer channel applied and the performance o f the collaboration, 
taking into account the R&D-project in which it  occurs and the nature o f the knowledge involved?
At first, the four final patterns are discussed in detail to answer question 2. Next, the findings of interview 
rounds 1 and 2 are combined to result in a summary and figure (p. 179) addressing both questions by 
describing the basic aspects of the management process of industry-science collaboration in the Dutch 
chemical industry. The answers are then reflected upon in terms of validity and applicability in § 7.2-2. To 
delineate the appropriate frame for the recommendations, the validity of the results is considered by 
highlighting the study's limitations. The case study tactics (table 5.4; p. 107) play a significant role in this 
check. Several limitations are mentioned for the present study. The section is concluded with a discussion 
about the applicability of the present results on industry-science collaboration for firms in other industries.
7.2-1 Four R&D-Objectives: Theory vs. Practice
In the present study, the viewpoint of the firm was applied. The disappearance of the corporate R&D- 
laboratory in chemical firms meant that the primary gateway to enter knowledge of scientific institutes 
was closed. With global competition becoming fiercer, however, chemical firms have become aware of the 
need to obtain external knowledge. As a result, new ways to organize collaboration need to be introduced 
to facilitate this process. With a variety of activities in chemical firms all requiring various knowledge, this 
issue appeared to have no universal answer. Four objectives to be fulfilled by an R&D-department were 
identified based on a literature review: technical competence building, incremental innovation, technical 
competence leveraging, and discontinuous innovation (§ 4.4-2). These theory-based R&D-objectives were 
used as conceptual categories to acquire and study cases of collaboration between firms and scientific 
institutes in the Dutch chemical industry. From the cross-category comparison of the obtained empirical 
data, a fine-grained picture emerged that led to the identification of four newly defined R&D-objectives: 
'technology gatekeeping', 'platform creation', 'business research', and 'technical support'.
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R&D-Object've 1: Technology Gatekeeping
The R&D-objective 'technology gatekeeping' covered only one configuration: watchful waiting. The 
name of this category originated from an interviewee who described his activity as such (p. 145). In the 
consortium his firm participated, he was observing the research conducted by the PhD-students in order 
to learn about the technological field studied. This learning activity was required in order to validate the 
viability of future product concept directions of the firm. However, the actual considerations of use were 
low: the project managers were mainly looking for a basic understanding which they did not develop 
themselves. In all cases, the directions (which were not in the core, but in a related technological field 
with respect to the firm's typical activities) had been mapped by the firms' higher management based on 
trends that had been witnessed world wide. The knowledge built-up only encompassed the 'observatory' 
work: no internal research activities were conducted. The project managers acted therefore as a 'sponge' 
during plenary meetings of the consortia. They listened to the PhD-students presenting their research 
results, but did not initiate any concrete additional contact. The knowledge they obtained this way was 
therefore rather generic; except for the collective initiation of the PhD-projects within the consortium, the 
research was not re-directed to the firm's needs. The project managers, as one of them stated, received 
similar information as they would otherwise find in scientific journals. However, due to their participation 
in the initiation process (p. 144), the firms were sure that the technological field of interest would indeed 
be studied, and in addition, by high-quality scientific partners. This latter element was considered to be an 
advantage over research results as reported by unknown scientists somewhere in the world.
The interest in the results, however, turned out to be shorter-lived than the PhD-projects generating 
them. Two reasons were discerned: on the one hand, the results were disappointing and made clear that 
the firms' future product directions should be realized in another way, and on the other, the firm changed 
its future focus and the need to obtain the basic understanding disappeared. Nevertheless, despite the 
fact that in both situations the need to follow the projects disappeared, the project managers persevered 
with their attendance at plenary meetings. The reason turned out to be of a non-technical nature: via 
their presence at meetings, the project managers were able to increase their insights into the possibilities 
of participating universities and the qualities of the PhD-students. Where the project managers expected 
the first element to make it easier to approach the right university if required for a future bilateral 
collaboration, they addressed the second element as being valuable for the firm's recruitment activities. 
All participating academics could be 'scouted' for four years; if the qualities of a particular PhD-student 
turned out to be of a high standard in this period, the project manager informed the HRM-department of 
his firm. A consortium was seen as the perfect place for this 'scouting'. However, these social benefits 
only would be not enough to continue the firm's participation in the consortium. A link to the technical 
content had to be present, regardless of an 'interruption' from time to time. The latter was not considered 
to be problematic, but inextricably bound up with research. Moreover, as to the financial aspects, project 
managers deemed the interruption better to happen in a consortium than during a bilateral collaboration.
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R&D-Objective 2: Platform Creation
The R&D-objective 'platform creation' covered three configurations: shadow research, multiple pieces, 
and single scan. In all 14 cases, with concrete activities which vary from technology scouting to 
innovation scaffolding to technology scanning respectively, the overall target of the internal activities was 
to create a new technological platform that could subsequently be commercialized by the firm's business 
unit(s). The properties of the 14 R&D-projects aimed at (technology) platform creation showed many 
similarities. The projects were characterized by 'high' research content. The 2- 4 employees who 
conducted the internal work were true researchers, who, for example, still read scientific journals. They, 
being responsible for the longer-term research within their firm (6- 8 years to market introduction), were 
free to pursue their own ideas within their projects as long as it contributed to the product or process 
ideas of the business units. One interviewee stated: "I am partly autonomous; they [i.e. BU-management] 
say 'we strive for this product', and then we have to lay the foundation for it." In this process, the 
researchers were allowed to act according to their own views. In the 14 cases, collaboration was deemed 
to be an important element at the outset of the internal work and thus a part of the project's financial 
budget was reserved for it. Concerning other preparations for collaboration, the partner selection took 
place in the same way: in none of the cases, the collaboration turned out to be the first contact with the 
external partner. The interviewees indicated that the combination of the knowledge needed and the skills 
offered was the key criterion. If, however, several options were available, they preferred a partner that 
was 'familiar', for example, due to a shared conference or consortium participation.
Next to the resemblance in the properties of the internal project, the 14 cases showed similarities 
regarding the knowledge transferred and most coordination procedures as well. The knowledge flow was 
classified as 'Pasteur' (firms were looking for a basic understanding and had considerations of use), 
having medium appropriability chances for the firm because of justified claims other parties could make, 
and a medium specificity in relation to the firm's application. Regarding the coordination procedures, 
communication and control elements hardly showed any differences. Next to an identical ratio between 
the internally and externally accomplished work (E~I), the use of a gatekeeper interface, an above 
average communication frequency, and the communication in the firm about the collaboration's results 
were also similar across the 14 cases. The project managers used, for example, push-mechanisms: they 
spread the results actively among team members (mostly oral and several times during the collaboration) 
and passively among BU-employees by storing the final report and providing it only when asked for. 
Moreover, in all cases the sets of criteria to which the greatest value was attached and were also seen as 
realistic were the 'output' (i.e. the technical results of the collaboration) and 'social' (i.e. the non-technical 
impact of the collaboration) criteria. The reasons were clear. On the one hand, project managers needed 
the external results as input for their own work and were thus demanding high-quality knowledge that 
met their objectives. On the other hand, owing to the rather premature status of the internal development 
and the potential need for further input, the possibility of future collaboration should be left open.
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Nevertheless, a difference was found in the institutional arrangement: while for 'shadow research' and 
'multiple pieces' cases both a consortium and research funding were used, for 'single scan' cases only the 
latter arrangement was applied. The reason for a firm not to participate in a consortium for a 'single scan' 
was the status of its knowledge base at the outset of the collaboration which was rated to be high: the 
technology was used for materials that were produced by the firm. However, rather than developing the 
technology to establish this innovation from scratch within the firm, it was tried to take a short cut: after 
the selection of the technology needed, it was scanned at a scientific institute possessing it in order to see 
if it was fruitful to be leveraged to the firm for further development. Given the necessity to provide the 
external partner with materials, firms attached great value to secrecy issues (a leak of knowledge might 
cost them their idea) and therefore preferred to work bilaterally. For the 'shadow research' and 'multiple 
pieces' cases, the knowledge base was rated to be 'medium'. Although the internal project teams already 
conducted some research activities in advance, the level of cumulativeness was no more than 'mediocre' 
compared to that of existing products. Accordingly, project managers considered participation in a 
consortium to be a low-cost way to give their rather small knowledge base a boost; only in the case no 
suitable consortium could be joined, they would fund research at several partners at the same time. In all 
14 cases, however, a firm would eventually only stay focused on the most interesting partners and try to 
redirect their work via close interaction to obtain an optimal boost for their small knowledge base.
R&D-objective 3: Business Research
The R&D-objective 'business research' covered three configurations -  multiple scan, single piece, and 
specialized measurements -  which indicates that for its realization various concrete activities are carried 
out in the R&D-department. The 13 cases were united by the similarity in the overall target of the internal 
project team to develop a defined product or process; however, despite the fact that the specifications of 
the innovation were concrete and well-established, still research-like activities had to be conducted. For 
this part of the internal project, the researcher in the team (2- 4 employees) played an important role. 
He, being the only member coming from the research department, was closely involved in the initiation 
and management of the resulting collaboration with a scientific institute. The properties of the internal 
R&D-project were similar across all cases. Regarding the structural properties, next to a project team 
consisting of employees of more than 1 department, resemblances were found in the financial means for 
the external partner (directly coming from a business unit) and the time-to-market which was expected to 
take 5 years at most at the beginning of the collaboration. Regarding the project's content characteristics, 
the need to collaborate was foreseen by the project manager based on a lack of technological equipment 
or manpower in the firm. In addition, the selection of the partner showed a singular pattern which was 
put aptly by an interviewee: "First and foremost we go for excellence; if it then turns out that we already 
happen to know the partner, we consider that to be an unexpected bonus". A result of this approach was 
that for all 13 cases this was the first collaboration of the firm with this external partner.
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Next to the similarities in the properties of the internal R&D-projects in which collaboration took place, 
the management and the knowledge base also showed resemblances. The latter aspect was rated to be 
high owing to the high level of cumulativeness and secrecy: the newly acquired input built upon an 
already substantial quantity of knowledge about the innovation that was being generated within the firm. 
A leakage of internal knowledge was therefore considered to be undesirable, causing the internal project 
team to attach great value to secrecy issues during the collaboration. This was reflected by the fact that 
firms only collaborated bilaterally, made stringent requirements regarding the ownership of the results, 
and did not share knowledge which was not necessary for the collaboration's progress. The firm had 
identified a concrete need for input, formulated a clear-cut assignment and simply asked a scientific 
institute to carry it out, without providing the scientific institute with any information on the context of the 
assignment. The external work generally took about a year and, once it was finished, the collaboration 
ended. During this collaborative period, the levels of communication and control were high. Regarding the 
latter aspect, for example, collaboration planning was strict. This was considered to be normal: "Since we 
paid for everything, we were fully in charge". Deliverables and meetings were thus fixed in advance; the 
high communication level made it possible to detect problems quickly and arrange small adjustments if 
needed. In line with this setting, great value was attached to technical and non-technical performance of 
the collaboration as well as to -  since the results should help establishing a 'development release' - its 
technical impact on the internal project. Possibilities for future collaboration were of less importance.
Nevertheless, a variety of institutional arrangements was found and also the knowledge flow differed. 
For the specialized measurements and single piece cases, the knowledge to be obtained was classified as 
'Edison' (project teams just needed answers they could use), having high appropriability chances because 
publications were excluded and the results could be easily appropriated, and a high specificity since the 
knowledge was exclusively developed for the firm. The knowledge acquired for the multiple scan cases 
resembled the input as obtained in the single scan cases. Given the fact that the external partner already 
developed the technology itself, it was possible to slightly tune it to the needs of the firm, but not to 
completely change it. Moreover, in the case a firm would decide to leverage the technology and use it for 
its innovation, the external partner could ask for a joint patent or (large) financial compensation. In order 
to be able to decide to leverage or not, the firm not only looked at the research results, but tried to obtain 
an understanding of the technology's fundamentals as well (classification 'Pasteur"). This insight was 
required to assess if the technology could, for example, also be easily adjusted to the firm's production 
scale. The researcher in the project team played a central role (e.g. by often visiting the external partner) 
in the collaboration. A similar pattern emerged from the specialized measurement and single piece cases. 
The variety of bilateral channels that was applied to frame collaboration appeared to be caused by the 
need to use location-specific equipment to generate the required knowledge flow. If this was necessary 
(cf. for measurements or material processing), contract R&D was used; otherwise a single academic was 
temporarily employed, or a research joint venture was arranged when more academics were involved.
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R&D-Objective 4: Technical Support
The R&D-objective 'technical support' covered only one configuration: rescue research. Only two 
cases were encountered, but the similarities between these cases were great. As the title of the cases 
suggests, collaboration should save an internal project from failing. In both cases, the process that should 
result in a product innovation ran into difficulties which -  even after some serious attempts -  could not be 
solved by the large (>4 employees) internal project team. Because the innovation was in the last phase 
before market introduction (t <2 yr.), and it was not sure whether the market need would last, immediate 
action was required to preserve the chances of success. Accordingly, the project manager, coming from 
the firm's development or production department, contacted an experienced researcher within the firm for 
help. This researcher subsequently decided to approach an external partner, set up the collaboration and 
managed it; the project manager was not involved in this ad hoc process except for providing some of the 
project's budget. Even though a suitable scientific partner had to meet stringent requirements -  next to 
directly available, high-quality know-how to solve the problem, the partner should also be highly reliable 
concerning secrecy issues -  the search was quickly finished. In both cases, the researcher ended up at 
the academic research group where he was working as a part-time scientist. This way, he was sure no 
confidentiality problems would arise and the problem was within the academic's core competences. The 
latter aspect made sure the academic could use its existing knowledge without the need to read up; it 
induced the project managers to classify the institutional arrangement as 'consultancy & advice'.
In line with the great value that was attached to secrecy issues, the extent of internally accumulated 
knowledge was large. The project team and researcher were hence not looking for a basic understanding 
of their innovation -  this they already had -  but for results that could help them to save their project. In 
addition, these results had to be exclusively developed for, and in the end owned by, the firm. The fact 
that the external work was an assignment rather than a plain and well-defined piece of research -  making 
it not scientific enough for a publication -  was helpful in this respect. Despite the strict measures, the 
researcher had to share considerable knowledge about the innovation to enable the external partner to 
decide how to set off its work. Accordingly, a high level of communication was employed, especially at the 
start of the collaboration and again as soon as the external partner found a 'lead'. In the meantime, the 
firm's researcher informally informed himself (only a final report was contractually arranged) about the 
project's progress during his weekly visit to the university. The communication interface only consisted of 
the firm's researcher and the academic; other persons knew the collaboration was running, but were not 
informed. The reasons differed: the academic's professor did not receive updates due to the high level of 
secrecy and the project manager did not because he was no longer working on the project as it had been 
put on hold. The restart required for that reason much effort of the researcher. He had to convince many 
people that the solution offered would make it possible to realize the product. In line with this activity, 
most value was attached to the technical results of the collaboration and its impact on the internal work; 
process issues were deemed to be less important, while long-term perspectives were already secured.
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Summary: Industry-Science Collaboration throughout a Chemical Firm's Innovation Process
Theorizing efforts (Argote et a/., 2003) and empirical studies (Colyvas et a/., 2002; Schartinger et a/., 
2002) indicating that 'no single best way' can be found for collaboration, but that it is case-dependent, 
gave rise to an exploration of the relations between the properties of the receiving unit, the knowledge 
involved and the relationship in industry-science collaboration in the Dutch chemical industry. In addition, 
the performance of the relations found was qualitatively assessed. To overcome a data-overload that is 
typical for qualitative research (Miles and Huberman, 1994), all elements were conceptualized based on 
literature. Regarding the properties of the receiving unit, the focus was on the firm's R&D-department. 
Four objectives were identified that should be fulfilled by R&D-employees in order to contribute to the 
firm's performance: technical competence leveraging and building, incremental and discontinuous 
innovation. The structural and content characteristics (Bonaccorsi and Piccaluga, 1994) of R&D-projects in 
firms aimed at these objectives, and in which also collaboration took place, were mapped. Regarding the 
properties of the knowledge, a distinction was made between the knowledge base and flow (Kline and 
Rosenberg, 1986). Where the first reflects a firm's stock of stored knowledge, the latter refers to the 
knowledge that is transferred during collaboration. The properties of the relationship were conceptualized 
by focusing on formal collaboration, since great importance is attached to arrangements on secrecy and 
IPR by chemical firms nowadays. Eight institutional arrangements -  based on work by Chiesa and Manzini 
(1998) -  were selected. For the coordination procedures, communication and control aspects (Nobel and 
Birkinshaw, 1998) were investigated. Lastly, the performance of the collaboration as well as its impact on 
the internal R&D-project was assessed using technical (Brown and Svenson, 1998) and non-technical (cf. 
Christiansen and Vendol0, 2003) criteria. The meaning of the findings for the three context components 
(receiving unit, knowledge involved, and relationship) and the overall insight, using the outcomes and the 
four the newly defined R&D-objectives - 'technology gatekeeping', 'platform creation', 'business research', 
and 'technical support' -  are now discussed in the light of results made by other researchers.
Collaboration with scientific institutes was argued to be started, framed, and accomplished within an 
R&D-project, because most R&D-activities of firms are carried out as a project (Kerssens-van Drongelen 
and Bilderbeek, 1999). The collaboration's preconditions (Wood and Gray, 1991) are in that case reflected 
by the properties of the firm's R&D-project. For the receiving unit, the structural (e.g. conditions and 
resources) and content (e.g. motivation to collaborate and criteria for partner selection) properties of the 
firm's R&D-project in which collaboration took place were therefore investigated in the present study.31 
Regarding the content properties, scientific institutes appeared to be hardly ever responsible for the 
initiation of new projects in firms: institutes are approached when a firm faces a lack in its knowledge 
base and needs external input to complete a project. This observation is in line with research of Cohen e t  
a l.(2002). The selection criteria (competence, network, or both) used differed for the four newly defined
31 It became clear from the empirical cases that also no considerable changes occurred in the structural properties of 
the receiving unit (e.g. team size; source of funding) during collaboration.
175
Industry-Science Collaboration in the Dutch Chemical Industry
R&D-objectives (for example, for 'business research' only competences offered by the external partner 
played a role) which illustrated the presence of different mindsets. Due to the complex dynamics involved 
in such a choice, however, it would be inaccurate to directly refer these findings to two major approaches 
known for partner selection processes, i.e. the resource-dependency perspective (Pfeffer and Salancik, 
1978) and the social embeddedness perspective (Granovetter, 1985). The structural properties of the 
R&D-projects studied yielded some interesting insights. Next to differences in the composition and size of 
the project team -  of which aspects like 'creativity' and 'time efficiency' were recently discussed by Kratzer 
e ta . (2008) across the new R&D-objectives, variation was also observed in the financial source and time- 
to-market. This variation could be linked to the work of scholars discussed in chapter 3 (Tidd et a/., 2001; 
Trott, 2005; Christensen, 2002a). Even though over 95% of the budget for all R&D-activities came from 
business units, a fixed part was yearly guaranteed (i.e. the research budget) in all firms. This budget was 
exclusively used by researchers for medium/ long-term activities (i.e. time-to-market > 5 yrs.) like the 
monitoring of scientific developments and the creation of technological options. Projects in which 
collaboration occurred that were financed with BU-resources outside this budget, were at the most five 
years from this introduction and focused on the development of a definite product. In these cases, 
employees from R&D worked together with employees from other departments of a business unit.
The properties of knowledge, subdivided in the firm's existing knowledge base and knowledge flow to 
be obtained, were considered to be a part of the preconditions construct. The assumption based on the 
chain-linked model of innovation that research is only justified in case a gap in the existing knowledge 
base is faced (Kline and Rosenberg, 1986), and thus that firms know what they posses and what they 
have to look for when they approach an external partner, was confirmed. No collaboration was started 
just 'for fun', that is, fitting the 'Audubon' (no quest for fundamental understanding; no considerations of 
use; p. 131) compartment of the Stokes' model (Schmitt, 1999). In all 36 cases, a project manager had 
identified a specific need to acquire knowledge in order to reach the goal. Accordingly, a scientific institute 
was never asked to conduct 'blue sky' research to generate new knowledge for the sake of knowledge. 
The 'lowest' level of finalization -  i.e. the degree to which the external research activities pursue a definite 
purpose (Weingart, 1997) -  was found for the 'strategically-driven basic research' which was conducted in 
'technological gatekeeping' cases, and in the 'long-term platform creation' cases before the external work 
was somewhat redirected. In all other cases, a higher level of finalization was encountered. For 'business 
research' and 'technical support' cases, where a concrete product and its specifications had already been 
formulated, this level was the highest. This justified a classification of the externally conducted research 
as being an 'assignment' (Perkmann and Walsh, 2008). In these cases, firms were looking for a specific 
piece of knowledge to further complete their already highly accumulated, and highly secret, knowledge 
base. As a result, firms demanded exclusive ownership of the results using one of the mechanisms as 
they were, for example, listed by Cohen e t  a l.(2000). In the 'platform creation' cases in contrast, the firm 
tried to gain a considerable boost for its relatively small and somewhat less secret knowledge base by
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means of redirecting the strategically-driven research. The knowledge patterns found for the 'single scan' 
and 'multiple scan' cases slightly deviated from the cases that belonged to the same newly defined R&D- 
objective. While the 'single scan' cases had the same knowledge flow as the other platform creation cases 
('shadow research', 'multiple pieces'), the knowledge base was more extensive. For the 'multiple scan' 
cases, the base was similar to the other business research cases ('specialized measurements', 'single 
piece"), but the knowledge flow differed. The reason for these dissimilarities was that the firm tried to 
accelerate its innovation process by leveraging an external technology and, as such, taking a shortcut. 
This phenomenon is also addressed in the open innovation model (Chesbrough, 2006).
Regarding the properties of the relationship, six out of the eight institutional arrangements selected 
were encountered in the cases studied. The supposedly very long-lasting 'minority equity in an academic 
spin-off' as well as the very short-lived (Montoro-Sanchez, 2006) 'buy a license or patent' were not used. 
While the first arrangement was under consideration at some chemical firms, its use was not a part of the 
responsibility of interviewees, but was located at the firm's 'venturing' department as it was discussed by 
Broring and Herzog (2008). The 'buy a license or patent' arrangement, which belongs to the category with 
the lowest level of 'relational involvement' along the lines of the typology of Perkmann and Walsh (2008), 
was not used because the available patents and licenses generally do not match the immediate need of 
firms. Although it could be the result of, for example, technology scanning cases, it always would take 
another institutional arrangement to decide if a license or patent was to be bought. The six remaining 
institutional arrangements were applied in the cases. These arrangements have a 'medium' (i.e. mobility) 
or 'high' (i.e. relationship) relational involvement according to the definition of Perkmann and Walsh. 
Their definition classify 'research services' (contract R&D and consultancy & advice) and 'research 
partnerships' (consortia and research funding) as high, while 'temporary employment of an academic' and 
'research joint venture' (as it was described by the interviewee; p. 159) belong to their 'medium' category. 
The results of the coordination procedures (Bonaccorsi and Piccaluga, 1994) demonstrated, however, that 
communication and control aspects were arranged in more detail in the case of temporary employment of 
an academic and research joint venture than in the case of consortia and research funding. Especially, in 
the case of consortia, the levels of communication and control were rather low. Only when the link 
became clear between the external and internal work which was anticipated, a project manager increased 
the communication frequency and tried to informally extend his control. If he succeeded, he was able to 
change the 'generic' consortium into a 'consortium-de-luxe', consisting of only the firm and 1- 2 PhD- 
students. However, as no extra contracts were signed, he was dependent on the partner's willingness.
In the case of 'bilateral' collaboration, the project manager could act according to his own opinion 
concerning the coordination procedures; he could, for example, arrange a similar setting (by applying 
'research funding') as in the case of a consortium-de-luxe, but with more room for control elements like 
deliverables and deadlines; or, in other words, achieve a higher level of formalization (Mora-Valentin et 
a/., 2004). The typically high 'research' content (cf. properties of the internal project and knowledge flow),
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however, caused that no stringent coordination procedures were installed. In the case of a 'business' 
setting (i.e. BU funding, mixed team composition), these aspects already became more strict, which was 
similar to the enlarged formalization of the internal project (Blindenbach-Driessen and Van den Ende,
2006). The extent of planning in the case of 'contract R&D' was, for example, more extensive and the 
external work was also monitored by several employees of the firm. In this process, a central 
management role was given to the firm's researcher. However, face-to-face contact was never on a daily 
or weekly basis for a longer period due to the need to work at different locations as a result of the 
technology/ measurement equipment. A high level of contact in person appeared to only happen when 
the involved academics were temporarily stationed at the firm, or in the case the firm's researcher was a 
part-time scientist, or so-called 'visiting practitioner' (Giacalone et a/., 2003). In these cases, coordination 
procedures of bilateral collaboration were further enhanced by the mobility of the persons involved. This 
phenomenon has received great attention in the last years (cf. Herrera et a/., 2009). When reaching back 
to the relational involvement dimension while bearing in mind the coordination procedures, a classification 
of 'temporary employment' and 'research joint venture' as 'high' rather than 'medium' can be suggested. 
In addition, the distinction between research partnerships (i.e. designed to generate outputs that are of 
high academic relevance and can thus be used for academic publications by the researchers involved) and 
research services (i.e. relationships in which firms determine unilaterally what type of expertise or service 
they require, and the researcher carries out the work against payment) needs to be refined. A distinction 
is therefore suggested between multilateral 'research partnerships' (consortium/ consortium-de-luxe) and 
bilateral 'research services' (research funding/ contract R&D) and 'services-plus', i.e. arrangements that 
include a clear mobility aspect (temporary employment/ research joint venture/ consultancy & advice).
In sum, the results of the present study for the receiving unit (cf. Tidd et a/., 2001; Trott et a/., 2005) 
and knowledge properties (cf. Schmitt, 1991; Weingart, 1997) could be well described using previous 
theoretical contributions. Regarding the relationship, however, the existing literature appeared to be less 
suitable. The work of Perkmann and Walsh (2008) can be seen as an initial attempt. The suggestion for 
the refinement of the relational involvement dimension was based on the differences that were found in 
the present study in the coordination procedures. These 'soft' aspects turned out to play an important role 
beside the 'hard' institutional arrangement, which confirmed earlier thoughts by Bonaccorsi and Piccaluga 
(1994). From the three context components, eight 'receiving unit-knowledge-relationship'-configurations 
emerged. Some configurations only showed variation regarding the type of concrete activity (e.g. 
technology scouting vs. innovation scaffolding), while others were completely different. This variation 
provided support for the notion of a contingency approach ('there is no single best way') as it had been 
theorized for knowledge transfer (Argote e t  al., 2003). However, although a classification of the receiving 
unit and knowledge involved as 'preconditions' in the model for collaboration (Wood and Gray, 1991) was 
correct, the initially defined R&D-objectives of projects (§ 4.2.2) in combination with the firm's knowledge 
base and flow appeared not to be decisive in the selection of the relationship. Rather than differences in
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R&D-objectives that are related to the management of technology (subdivided in technical competence 
building and leveraging; Knudsen, 2005), and innovation (i.e. incremental and discontinuous innovation; 
Garcia and Calantone, 2002), R&D-objectives reflecting the phases of the innovation process in which the 
internal projects were at the start of the collaboration appeared to be better discriminating factors. Four 
alternative empiric-based R&D-objectives were formulated: technology gatekeeping, platform creation, 
business research, and technical support. The internal projects for each R&D-objective showed distinctive 
characteristics. In addition, the variation in the set(s) of 'realistic' criteria to which the greatest value was 
attached by the project managers was in line with these four newly defined R&D-objectives. However, 
despite the discriminating influence of the properties of the receiving unit on those of the relationship, 
they did not entirely determine them. A mediating role was played by the nature of the knowledge 
involved, as it was presupposed to do. The differences in knowledge base for platform creation and in 
knowledge flow for business research made that firms excluded institutional arrangements and 
coordination procedures that were considered suitable for cases of the same R&D-objective. An overview 
of the relation between the transfer channel used (i.e. institutional arrangement & coordination 
procedures) and the performance criteria used for collaboration, taking into account the R&D-objective of 
the project in which it occurs and the nature of the knowledge involved, can be found in figure 7.2:
Figure 7.2: The organization of industry-science collaboration throughout a chemical firm's innovation process
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7.2-2 Validity and Applicability Considerations
The results of this study were obtained by means of qualitative case study research using 51 semi­
structured, in-depth interviews with employees from industry. The benefits and drawbacks of this strategy 
were mentioned in the methodology chapter. In order to ensure methodological rigor in terms of validity 
and reliability, four criteria (i.e. construct validity, internal validity, external validity, and reliability) were 
taken into account. The case study tactics to ascertain the reliability -  e.g. a case study protocol and 
database -  and construct validity, including the review of transcripts and drafts by peers and key- 
informants, were already explicitly discussed in chapter 5. The tactics regarding the internal and external 
validity were more spread over the chapters (table 5.4; p. 107). However, in spite of all tactics, three 
limitations of this study need to be pointed out. Finally, attention will be paid to considerations concerning 
the applicability of the research results on industry-science collaboration for firms in other industries.
Limitation 1: One-sided Story
The phenomenon industry-science collaboration was studied from the perspective of the chemical firm 
in this research. This point of view, even though the assumption on which it was based was unanimously 
confirmed, implied that there was no room for an empirical exploration of the dynamics on the side of the 
scientific counterpart. These developments were only mapped by means of a literature study (§ 3.3). The 
importance, however, to continue with empirical studies of the collaborative scientific institutes is fully 
subscribed. Concerning the results of this study, recent research of Perkmann and Walsh (2009) offered 
an insightful and complementary view. From the side of the university, they analyzed the impact of 
university-industry relationships on public research. A number of aspects -  agenda setting, the level of 
finalization, and the impact on academic publishing -  were studied by means of conducting 43 interviews 
with employees from a research-intensive UK university. Based on their results, they identified a four-fold 
typology of collaborative projects for university-industry collaboration. The aspects described of these four 
types (i.e. knowledge generation, ideas testing, technology development, and problem solving) show 
considerable overlap with those identified in this study. Moreover, their results confirmed the fact that the 
agenda setting of collaborative projects is only accomplished in consultation, when it concerns research 
that has a relatively low level of finalization and is carried out on topics of broad interest to a firm.
Limitation 2: Missing Project Types & Transfer Channels
The results of this study were based on the insights gained from 36 projects in which a chemical firm 
collaborated with a scientific institute. After accomplishing a within-category and cross-category analysis, 
two figures (7.1/ 7.2) were developed to show the answer to the research question in a graphical way. In 
spite of these in-depth insights that revealed details that stay hidden for studies using patent and citation 
data, it has to be recalled that they do not provide an insight into the complete R&D-activity portfolio of 
chemical firms. Projects, for example, in which the firm collaborated with another firm, or in which no
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collaboration took place at all, were not studied in this research. With an increasing focus of firms on 
interfirm collaboration (Culpan, 2009), however, it is reasonable to expect that additional concrete R&D- 
activities exist. Moreover, as the R&D-managers already indicated for incremental innovations, which form 
the core business of firms, such activities are preferably accomplished without any help. As a result, the 
projects that presumably involve larger R&D-teams and considerable financial means -  of which the 
'rescue research' cases were an example -  were not encountered in this study. A similar argumentation 
holds true for the institutional arrangements: two (i.e. 'minority equity' and 'buy a license/ patent") were 
not used at all in the projects studied, while these and maybe also other still unidentified arrangements 
might be (successfully) applied by firms for collaboration with external partners.
limitation 3: Qualitative Performance Measurement
The 'outcomes' construct of the conceptual framework was operationalized by focusing on technical 
and non-technical performance criteria of the collaboration with the scientific institute itself and the 
impact of it on the firm's R&D-project. In total eight criteria -  e.g. did the collaboration stay within the 
budget and time planning? -  were qualitatively assessed by the project managers. In all cases, they were 
first asked to answer these questions in terms of 'yes or no', and next to explain -  and if possible 
illustrate -  their choices. The room that is left for additional clarification which can lead to insights into 
hardly measurable aspects is considered to be one of the main strengths of a qualitative performance 
measurement (Chiesa e t a/., 2009). An important weakness of this approach, the subjectivity of its 
evaluation, can be reduced by using quantitative metrics. However, in order to carry out such a 
quantitative measurement a relatively large number of respondents who are able to assess -  i.e. who are 
knowledgeable enough on -  the performance of the event is needed. As it already became clear, in most 
of the cases the internal projects teams only consisted of 2- 4 employees and, in addition, many of them 
did not have direct contact (due to the gatekeeper structure) with the scientific institute. As a result, a 
consistent quantitative performance measurement was not considered attainable. This implies that the 
sets of criteria as shown in figure 7.2 for each R&D-objective reflect the criteria to which great value was 
attached by the project managers, and of which it was considered realistic that they could be met.
Application 1: large Firms in European Chemical Industry
A rather narrow focus was applied for both the empirical setting and the cases that were acquired for 
this research. A case had to meet three criteria (p. 111) in order to be included in the research, while for 
the empirical setting, large firms in the Dutch chemical industry were selected because of the science- 
based character and the repeatedly mentioned 'innovation paradox'. Since polymers represent a major 
section of the Dutch chemical industry, firms related to this particular business field were chosen. Even 
though the results of the study are therefore rather specific for this setting in first instance, they are 
considered also valid in other settings. The findings are expected to be also applicable to other large firms
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in the European chemical industry (e.g. Bayer, EVONIK, and BASF). These firms are expected to need the 
input of scientific institutes as well in order to establish innovation (Broring and Herzog, 2008). Regarding 
the international character of the chemical industry a distinction is often made between the European, 
American and Japanese industries because of "differences in the evolution of industry structure and 
innovation processes in these three regions" (Cesaroni et a/., 2004a; p. 3). The findings of this study are 
therefore expected to be not directly exploitable in the American and Japanese setting. This probably also 
holds true for small and medium sized firms in the European chemical industry: these firms generally lack 
the financial resources and expertise to plug into external sources of technological and scientific 
knowledge (Henard and McFayden, 2005). The applicability of the research results in other R&D-intensive 
science-based European firms is hard to predict. However, based on findings concerning the importance 
of 'research and partnerships' in the European pharmaceutical industry (Tijssen, 2009), this appears to be 
an interesting sector to test the applicability of the final model (figure 7.2) outside the chemical industry.
Application 2: Dynamics of the Industry-Science Collaboration Model
A collaborative role of scientific institutes throughout the whole innovation process in chemical firms 
was assumed in this study, based on the chain-linked model of innovation and a need nowadays for 'open 
innovation'. In response to the linear innovation model, Kline and Rosenberg (1986) emphasized the vital 
role of feedback loops and the numerous interactions needed between science and innovation-related 
activities in firms. In their chain-linked model of innovation, R&D-departments no longer acted only at the 
outset of innovation, but played an important role throughout the whole process. However, as a result of 
the smaller R&D-departments and the increasing rate and complexity of technological change nowadays, 
firms need to rely more often on input of external partners (Chesbrough, 2006). From the present study, 
it became clear that the way collaboration with scientific institutes is organized throughout this process 
varies for different phases and knowledge types. It has to be emphasized, however, that the final model 
(figure 7.2) is by no means linear, but encloses and gives rise to several dynamics. The 'rescue research' 
projects, for example, show that interaction between R&D-departments, science and innovation-related 
activities can also occur in later stages of the process, while the specialized measurements cases indicate 
that chemical firms make use of scientific institutes for incremental innovations as well. The existence of 
technology scanning cases is in line with the inflow of technology as it is often represented in the open 
innovation stage-gate funnel (cf. Van der Meer, 2007; p. 196). Moreover, the cases using the 'research 
funding' transfer channel revealed that firms have hidden agendas for some collaboration. Next to the 
technology, the scientific institute's competences are also scanned during the short-term collaboration. 
Subsequently, although it might have turned out that the technology is not suitable, the university can be 
asked to participate in a long-term collaboration aimed at, for example, the development of a new 
product. More dynamics were encountered -  e.g. a project manager who indicated that an insight gained 
during another gatekeeping activity led to a product innovation -  and are expected to occur regularly.
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Conclusions: 
Present Solutions are Future Challenges 
for 
Industry and Science
In this eighth and final chapter, the conclusions o f this study in the form o f propositions fo r industry- 
science collaboration and recommendations are described. They are presented in three groups: (i) the 
study's contribution to existing theoretical perspectives; (ii) the managerial implications for R&D-staff in  
chemical firms; and (iii) suggestions for Dutch governmental parties involved in collaboration.
Industry-Science Collaboration in the Dutch Chemical Industry
Introduction
The aim of this study was to contribute to the closure of the gap that is encountered when asking for an 
integrated solution to the problems that are observed in knowledge transfer processes during industry- 
science collaboration in the Dutch chemical industry. This was done by providing a detailed insight into 
the relation between the properties of the receiving unit, the knowledge involved, and the properties of 
the relationship throughout the phases of a chemical firm's innovation process. As far as we know, this is 
the first empirical in-depth study of this relation from the firm's point of view. Based on the results 
obtained (reflected in figure 7.2), some final remarks are made in this chapter. First, three propositions 
for industry-science collaboration are formulated (§ 8.1) that reflect the present study's contribution to 
existing theoretical perspectives and indicate directions for future research. Next, recommendations for 
firms (§ 8.2) and governmental parties involved in industry-science collaboration (§ 8.3) are suggested.
8.1 Implications for Theory
The collaboration between industrial firms and scientific institutes is a subject that has received more and 
more attention in recent years. It has been studied at several levels (cf. Etzkowitz, 2008; Barnes et a/.,
2006), from more than one viewpoint -  e.g. the firm (cf. Cassiman and Veugelers, 2006), the scientific 
institute (cf. D'Este and Patel, 2007), and the collaboration itself (cf. Montoro-Sanchez et a/., 2006) -  
highlighting a rich variety of factors that are needed to make it successful like bilateral trust (Santoro and 
Bierly, 2006), geographical proximity (Knoben and Oerlemans, 2006), and commitment (Dooley and Kirk,
2007). In the present study, industry-science collaboration was studied at the project level from a firm's 
point of view, focusing on the relation between the three context components (receiving unit, knowledge 
involved, relationship) of knowledge transfer during collaboration. This focus was based on the lack of 
empirical studies providing a detailed insight into this phenomenon in the light of the drastic changes that 
occurred in the organization of R&D in chemical firms. The lack of such research was confirmed by review 
articles of Perkmann and Walsh (2008), discussing that most studies 'fail to grasp the relational aspects' 
(p. 263), and Harryson et a . (2007), who concluded that the greatest challenges to collaboration are to 
be found in the firm. Since a repeated observation was that no general theory for collaboration exists (cf. 
Thomson e t a/., 2009), the study was framed by combining (i) the suggestion that scientific knowledge 
can play a role throughout the complete innovation process (Kline and Rosenberg, 1986), (ii) the model 
for collaboration by Wood and Gray (1991), (iii) the elements of the knowledge transfer model (Shannon 
and Weaver, 1949), and (iv) theorizing efforts of Argote e t a . (2003). The efforts of Argote e t a/., which 
were in line with empirical findings of Colyvas et a . (2002) and Schartinger e t a . (2002), led to the 
formulation of a contingency approach for knowledge transfer within, or between, firms: rather than the 
existence of 'a single best way', the effectiveness of knowledge transfer was deemed to be determined by 
the alignment of the properties of the relationship with those of the receiving unit and the knowledge
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involved. The results of this study, in which the sending unit was not further investigated, demonstrated 
that such an approach is valid for industry-science collaboration as well. The way in which collaboration 
with scientific institutes is organized throughout the innovation process varies across phases and different 
knowledge types (figure 7.2). Relevant dimensions for each of the three context components were 
identified. This brings about proposition 1:
The shorter the time-to-market and the higher the knowledge base's cumuiativeness and flow's level of
finalization, the more intensive the communication and control will be in order to reach specific goals.
A discontinuous innovation often already has a history of typically 10 years (or more) prior to its definitive 
launch; for incremental innovation this period is much shorter (O'Connor and McDermott, 2004). Next to a 
contribution to these innovation processes, an R&D-department is also responsible for the maintenance 
and extension of the firm's knowledge base (Christensen, 2002). However, rather than differences related 
to these goals, R&D-objectives reflecting the phases of the innovation process in which the firm's internal 
projects are at the beginning of the collaboration appeared to be better discriminating factors for the 
transfer channel used. Within the six 'receiving unit-knowledge-relationship'-configurations, four R&D- 
objectives were formulated: technology gatekeeping, platform creation, business research, and technical 
support. These four objectives all had distinctive properties for the receiving unit (cf. team composition/ 
size, time-to-market, partner selection criteria) and the criteria to be used for the performance indication 
(i.e. output, process, outcome, and social). The general trend showed that with a decreasing time-to- 
market, the typical 'research' setting in the firm changed into a 'business' one. The shift was around 5 
years, corresponding to the work of Trott (2005), while the level of finalization of the external activities 
(Weingart, 1997) turned from 'low' (i.e. strategically-driven research) into 'high' (i.e. an assignment). 
Within this trend, the nature of the knowledge involved played a mediating role. Differences in knowledge 
base (i.e. cumulativeness; secrecy) and knowledge flow, e.g. its classification using the Stokes' model 
('quest for fundamental understanding' vs. 'considerations of use'; Schmitt, 1999), made that firms 
excluded some institutional arrangements that were deemed to be suitable for cases of the same R&D- 
objective (figure 7.1). The cases in which firms tried to accelerate their innovation process by leveraging 
an external technology, as it was mentioned in the open innovation model, showed such variation. The 
properties of the receiving unit and knowledge involved lead to proposition 2:
Throughout the entire innovation process, a firm can decide to collaborate with a scientific institute,
based on a gap in its knowledge base; it will always specify its needs and goals in advance.
These requirements, however, were not shared with a scientific institute before a contract -  or at least a 
non-disclosure agreement -  was signed. In addition to the contract's section about secrecy, a firm would 
insist on clear arrangements about the ownership of intellectual property rights (Lado et a/., 2008). If 
these two issues could not be contractually fixed with a scientific institute, a chemical firm was not willing
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to start a collaboration that was considered to have a substantial impact. Although the value of, for 
example, the embeddedness in social networks (cf. Link et a/., 2007) and informal interaction (cf. 
Ponomariov and Boardman, 2008) is recognized, these aspects are deemed to be mainly important to 
smoothen the 'search phase'. As soon as it comes to 'transfer' (Hansen, 1999), a chemical firm will always 
call for a basic safeguard in the form of a contract. Six transfer channels -  divided in the institutional 
arrangement and coordination procedures -  were regularly used by firms to arrange formal collaboration. 
While in the case of 'research' settings, consortia (both in a generic and 'de-luxe' version) and research 
funding were applied as institutional arrangement, for 'business' collaboration, the transfer channels used 
were consultancy & advice, a research joint venture, temporary employment of an academic, and contract 
R&D. Concerning the communication (cf. frequency; timing-of-exchange; structure) and control aspects, 
(i.e. the way of knowledge distribution, the extent of planning, and the internal: external work ratio), a 
tendency was observed that the shorter the time-to-market, the higher the level of the coordination 
procedures. This insight appears to be in contrast to the hesitation for close collaboration for short-term 
as it was expressed by the R&D-managers (§ 6.1). It led to a modification of the categories created for 
the 'relational involvement' dimension (Perkmann and Walsh, 2008). A distinction was suggested between 
multilateral research partnerships, bilateral research services, and 'services-plus', i.e. channels including a 
clear mobility aspect. The results give rise to proposition 3:
Although informal interaction is important, firms always insist on formal collaboration -  using transfer
channels with a high relational involvement -  if  they expect the external work to impact their activities.
In view of all currently available data, the present study presents an accurate picture of the basic issues 
of managing industry-science collaboration in the Dutch chemical industry. As it was an exploratory study, 
new directions for research emerged. Firstly, since the context components were conceptualized by 
focusing on firms that belong to the science-based Dutch chemical industry, the implications are first and 
foremost tailored to such firms. While the implications are expected to be directly applicable to other 
European chemical firms, the extent to which they can be used in other industries is an interesting 
direction for future research. Large firms in other science-based industries such as pharmaceuticals 
appear to offer the highest chance of success. Secondly, the nature of knowledge (i.e. flow and base) 
showed to play a main role in the choice for a transfer channel. Knowledge however, is a very complex 
issue and a study of knowledge can result in full papers. Further exploration, taking a closer look at the 
subject using the many taxonomies developed is therefore believed to be necessary. It could yield an 
even more precise view on the role knowledge plays in collaboration. Lastly, even though this research 
demonstrated that each type of R&D-objective has its own more or less unique set of formal transfer 
channels used for knowledge transfer during industry-science collaboration it did not extensively study the 
performance of these processes. However, this information (both qualitative and quantitative) is needed 
to further check the applicability of a contingency approach for industry-science collaboration.
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8.2 Recommendations for Chemical Firms
The chemical industry plays an essential role in the Dutch economy nowadays and intends to remain a 
driving force for prosperity and well-being in the Netherlands during the coming decades. This notion was 
supported by the Dutch government that designated the chemical industry as a key area to create focus 
and critical mass, and initiated the formation of the Regiegroep Chemie. This taskforce interpreted the 
ambition of the industry in terms of three specific targets (p. 23). A central role in achieving these goals is 
reserved for the Dutch polymer industry that represents a large section of the chemical industry in the 
Netherlands. A spearhead of the Regiegroep Chemie that should facilitate the (large) polymer firms to 
contribute is the optimization of the knowledge infrastructure and the stimulation of industry-science 
collaboration. Based on the results of this study, four recommendations have been formulated for R&D- 
staff which can help them to decide how to organize future collaboration with scientific institutes.
Recommendation 1:
"Be realistic regarding the outcomes o f collaboration: it does not simply depend on your partner"
To cope with intensifying competition, firms have tried to accelerate their innovation process. Accordingly, 
instead of developing every part of a particular product or process themselves, firms utilize both internal 
and external ideas and paths to market nowadays in order to advance their technology and to realize 
innovations. It turned out that scientific institutes are regarded by most firms as partners that can be 
approached for knowledge throughout the whole innovation process. The majority of industry-science 
collaboration takes place in consortia where the activities are science-based, but bilateral arrangements 
are not exceptional these days. From the study, it became clear that the criteria used to assess the 
performance should be in line with the organization of the collaboration (figure 7.2). Bilateral collaboration 
offers firms the possibility to acquire specific pieces of knowledge that are needed to further complete 
their extensive knowledge base, but also require more efforts than multilateral collaboration. A firm, for 
example, has to draw up a plan, manage the budget, and monitor the progress. Accordingly, to assess 
the success, it is necessary to use not only criteria for the output of the collaboration, but also criteria 
reflecting its process and its impact on the R&D-project running in the firm. Social criteria are often 
considered to be less important. For multilateral collaboration, the sets of criteria to be used differ. While 
process criteria (on time, on budget) are rather redundant as the process is managed by external staff, 
social criteria can be very well used. The usefulness of sets of criteria to assess the technical performance 
of both the collaboration ('output') and its impact ('outcome') depend on the firm's internal activities. In 
case a firm has some related activities and creates a 'consortium-de-luxe', the 'output' criteria can be 
used. It is, however, often not reasonable to expect that scientific partners are able to generate a new 
technology for, and a fundamental understanding of, a product the firm tries to develop from scratch in 
the meanwhile (like in the 'multiple pieces cases'). The innovation process can be accelerated, but it
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cannot be shortened by a factor. In case a firm has no related activities and it does not try to get into 
close interaction ('watchful waiting"), neither set of criteria (output, outcome) are realistic to be used. It is 
then better to only focus on social criteria (increase in the network and reputation).
Recommendation 2:
"Dare to collaborate with scientific institutes, but be aware o f the preconditions o f the project"
With the downsizing -  and in some cases complete disappearance -  of large corporate R&D-laboratories, 
the possibilities for long-term research activities within chemical firms decreased as well. Due to the need 
for discontinuous innovation, however, chemical firms have been forced to search for other ways to keep 
themselves abreast of scientific developments. A solution was found -  and is currently commonly used by 
firms as well -  by means of participation in industry-science consortia. These governmentally sponsored 
arrangements give firms the opportunity to follow several research projects simultaneously; or, instead of 
spending 10 euros on 1 internal high-risk project, a firm can now scan 10 projects for only 1 euro each. 
Moreover, in case activities are running in the firm that are closely related to the work of one or two PhD- 
students, closer contact can often be established. However, despite this 'consortium-de-luxe', research 
carried out in a consortium has to stay pre-competitive at all time. Accordingly, as soon as a firm is 
looking for more specific knowledge, it should not try to obtain this from a consortium. A firm must then 
dare to decide -  in spite of the higher costs and the stringent need for secrecy due to a shorter time-to- 
market and/ or extensive knowledge base -  to collaborate bilaterally with competent scientific institutes. 
From this study, it turned out that good agreements can be made regarding secrecy and the ownership of 
IPR in those projects. In the case of activities with high research content, firms can use research funding 
with medium-level coordination procedures (figure 7.2). If the firm in contrast is looking for a specific 
missing piece of knowledge to further extend its already extensive knowledge base, knowledge transfer 
channels including a 'mobility' element, and thus high coordination procedures, as in consultancy & 
advice, temporary employment of an academic, and research joint venture can be used. In the case a 
mobility element is not possible due to location-specific equipment (cf. for measurements), contract R&D 
with medium-levels of control and communication is an option.
Recommendation 3:
"Stay committed; ensure the firm's interest in the subject lasts as long as the (bilateral) collaboration itself"
Firms are convinced these days that in order to create a successful innovation, there has to be a latent, 
unsatisfied customer need in the market that is addressed. They no longer believe in technology-push; 
only seldom do research findings spark innovation. In line with this logic, scientific institutes mainly play a 
knowledge supplying role. After a firm has launched an R&D-project for which its existing knowledge base 
and research capacity are inadequate, a scientific institute can act as a provider of the required input; 
almost every attempt of the latter itself to initiate a collaborative project is destined to fail. However, even
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though chemical firms think before they initiate collaboration, still they appear to loose their interest in 
collaborative projects too early in some cases. This tendency was, for example, found in situations where 
a firm followed external research on a theme that was believed to be 'of potential importance for future 
product directions'. The loss of interest was (due to disappointing initial results or a badly foreseen trend), 
however, not perceived as problematic by the firms in the case of consortium setting. Although insights 
gained from a brief review of literature study could have prevented the firm from participating at all, the 
social benefits (e.g. an overview of the talent pool) roughly compensated the expenses. In a few bilateral 
situations, however, this loss of interest also occurred. Despite a long-term contract with a scientific 
institute, the interest of the firm appeared to be shorter-lived due to a change in focus (e.g. the strategic 
direction turned out to be based on a hype). An unattractive situation arose: the collaboration became 
redundant, but could not be stopped since the PhD-student had to finish his work. As a result, it ran down 
and ended in dissatisfaction. It is therefore worth to consider first a short collaboration that can be 
prolonged in case a business interest is not yet established and no consortium can be joined. This offers a 
partner better prospects of continuity than a long-term arrangement at once. Direct long-term bilateral 
collaboration should only be established for core R&D-activities of the firm.
Recommendation 4:
"Employ a researcher in the collaboration's management to smoothen the process"
The traditional difference in culture between the 'open, laissez-faire' attitude at universities and the rather 
closed (i.e. for the outside world) industrial 'time = money' approach has often been mentioned as being 
one of the largest barriers to successful industry-science collaboration. Even though some scholars argue 
that collaboration should be minimized to protect the free exchange and generation of new knowledge in 
academia (§ 3.3-1) in reality both entities are growing increasingly together. In governmentally sponsored 
consortia, for example, they collaborate on themes that are in a pre-competitive stage of development. 
With scientific publications as typical output, the benefits for universities are clear, while firms gain 
insights into fundamental issues that do not have an immediate impact on their activities. In this setting, 
the need for control is rather low which, in turn, causes the cultural differences to be hardly noticeable. 
For bilateral collaboration, however, the situation is different. In this case, firms are in control of the 
external work accomplished, and use this control to obtain the knowledge they need. However, due to the 
rapidly operating 'business' setting in which the internal activities are carried out, the results of the 
external 'assignment' are normally needed rather quickly. Against this background, a conflict as a result of 
the 'cultural differences' is destined to occur. From the cases studied, it emerged that this potential risk 
can be easily reduced by making a researcher with high-quality communication skills responsible in the 
internal project team for the collaboration's coordination procedures. This employee can, if needed, try to 
compromise on an issue on both sides in order to smooth out the process. The possible annoyance of the 
actual project leader is mediated this way and will therefore not disturb the collaborative process.
189
Industry-Science Collaboration in the Dutch Chemical Industry
8.3 Recommendations for Governmental Parties
The Dutch government has taken numerous initiatives to strengthen the knowledge infrastructure and to 
stimulate industry-science collaboration in the Netherlands. These actions stem from its ambition to raise 
the Dutch knowledge economy to a leading position in Europe. Nevertheless, despite an extensive 
infrastructure (among others consisting of 13 public universities, 18 KNAW institutes, 9 NWO institutes, 3 
temporary task forces, and TNO) and many subsidy programs for collaboration -  for example, SMARTMIX, 
9 leading technological institutes, Casimir, and IOP grant schemes -  an innovation or knowledge paradox 
is still said to exist. Dutch universities develop a wealth of new knowledge, but industry does not seem to 
be able to transform this into new innovative activities. Based on the research results of this study, four 
recommendations have been formulated that can serve as input to the discussion within governmental 
parties involved in the development of new policy initiatives for industry-science collaboration.
Recommendation 1:
"Strive for small-scale collaborative projects within a few large-scale consortia "
One of the most influential policy initiatives in the area of industry-science collaboration was the founding 
of four Leading Technological Institutes in 1997. In these research consortia, universities and firms were 
brought together to strengthen the innovation potential and competitive position of some important Dutch 
industries. For the large polymer-based part of the chemical industry, the Dutch Polymer Institute (DPI) 
was established. These days, the DPI is a well-known and highly esteemed entity that is said to serve as a 
good example to other European countries. Despite all appraisals, however, some concerns are heard 
about its ever growing size. Today's DPI's total partner base consists of a mix of around 70 public 
research institutes, firms, and universities. Accordingly, an increase in the number of participants in every 
technology area has taken place, which means that more opinions have to be taken into account during 
the initiation process for new research projects. This leads to a situation in which representatives of firms 
probably have to make more concessions regarding the definition of the project's subject. Moreover, due 
to the participation of more competitors, the representatives will not bring forward their core interests in 
the discussion, but only peripheral ones. A consequence can be (and also already has been several times) 
that an industrial representative has to conclude that a perfect link he anticipated between his internal 
work and the external activities disappeared and can not be realized. He will therefore not strive for closer 
contact with the PhD-student -  something for which he initially had been already more hesitant due to 
the higher number of competitors present in the technology area -  and will act an 'observer' throughout 
the research project. This is not only disappointing for the industrial representative, but it also takes away 
the chance for the PhD-student to become more familiar with an industrial context. Even though this is 
not a prerequisite of such a trajectory, it does contribute to a PhD-student's personal development. Based 
on this insight, small clusters consisting of 2- 3 PhD-students and 3- 4 firms that are no direct competitors
190
Chapter 8: Conclusions
appears to be a setting in which intensive interaction can be easily established. To overcome additional 
complexity of the subsidy field, these clusters should be organized within existing large-scale consortia.
Recommendation 2:
"Reconsider the drive for the development o f patent portfolios at universities"
The rise of the entrepreneurial university and the increase in the number of valorization initiatives among 
academic researchers has added new subjects that have to be explicitly discussed during negotiations for 
industry-science collaboration: the ownership of intellectual property rights (IPR) and division of revenues. 
A recurrent theme in this discussion is the possibility to apply for patents. While governmental parties and 
universities tend to consider patents -  and the development of academic patent portfolios -  as a new way 
to raise funds for scientific activities, firms need them to protect their intellectual assets against attempts 
of competitors to duplicate them. Negotiations are therefore destined to face serious disputes: universities 
fear that firms steal their discoveries and generate revenue streams that rightly belong to them, while 
industry claims that IP from universities is usually over-priced and ignores the risks firms are exposed to 
while commercializing it. In addition, firms state that universities lack the skills to defend their portfolios 
and to apply properly for new patents. Due to their rather limited experience in this area, they try to take 
out patents on findings that are better suited for publication in scientific journals or infringe on existing 
patents due to their lack of an extensive overview. This tendency is increasingly upsetting firms (§ 6.1). 
Despite an interest in collaboration with universities, some universities are beginning to price themselves 
out of the market. Firms consider universities to be competing rather than being complementary to their 
own activities. It appears that universities have a too rosy picture of how patents can generate money. 
They do not realize that most of the patents do not bring in money, but costs them money, for example, 
owing to their application and defense. Accordingly, the drive to build academic patent portfolios seems to 
disturb rather than stimulate industry-science collaboration. Based on this insight, this trend should be 
reconsidered; other ways for the division of revenues like making agreements on royalties the university 
receives in case their knowledge contributed to a successful innovation should be explored.
Recommendation 3:
"Rearrange the subsidy focus and develop a framework for bilateral collaboration"
The Regiegroep Chemie argued in its business plan (2006) that the Netherlands is unsurpassed in its 
ability to bring business and academic communities together. In the case of the chemical industry, with 
large consortia like the DPI and ACTS, this statement is correct. While the foundation of these consortia 
benefitted from the existing widespread networks between both scholars and practioners in the chemical 
industry, nowadays the consortia ascertain that these networks are sustained and expanded to emerging 
fields like biochemistry and nanophysics. Despite this successful function, however, it became clear that 
when a firm expects the external work to have direct impact on its own activities, it will not choose to
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obtain this knowledge in a consortium: on the one hand, because the pre-competitive nature of the 
research in consortia has to be preserved, and on the other hand, due to the presence of competitors. As 
a result, collaboration that is considered to have an impact is organized bilaterally by firms. However, in 
contrast to the many policy initiatives that are aimed at consortia, initiatives for bilateral collaboration are 
still lacking. Although this limited supply of arrangements can be explained from the governmental point 
of view (i.e. to avoid selective support to firms), it might contribute to the decision of a firm not to start 
bilateral collaboration (e.g. due to the efforts needed to arrange it). Since universities are obtaining a 
better view on the R&D-activities of firms by means of the large consortia, and their suggestions for 
collaboration as a result become increasingly interesting to firms (§ 6.4), some basic services should be 
developed to stimulate bilateral collaboration. A service can be a document with guidelines (cf. concerning 
communication, control, payment, and royalties) that can be used during the collaborative project. The 
availability of such a document can overcome parties to reinvent the wheel and waste valuable time.
Recommendation 4:
"Do not expect miracles from industry-science collaboration: innovation takes time, luck, and many efforts"
In 2009, the so-called innovation paradox still receives considerable attention in the Netherlands. The 
strong public knowledge bases at scientific institutes are not transformed into innovations by firms. Based 
on the 36 cases of industry-science collaboration studied in the present study -  of which the majority was 
perceived to be successful from the firm's viewpoint -  it has become doubtful whether the innovation 
paradox stems from a realistic expectation. An explanation for this doubt is found in two aspects of the 
innovation process that appear to be underexposed in the 'paradox reasoning': the mortality curve of new 
product ideas and the market-pull approach of firms (§ 3.1/ 3.2). By launching a range of initiatives, 
governmental parties have tried to facilitate a linkage between the excellent scientific findings and the 
activities of firms to raise the innovative performance of the latter. Due to the restrictions a government 
faces, most of the initiatives are consortia in which knowledge is developed that is in a pre-competitive 
phase. This implies, however, that a firm still needs a long period before a product can be launched. The 
chance that at the end of this period the specific input has made it to a tangible result is therefore small; 
the chance that the R&D-activity for which it was obtained is stopped (despite positive collaboration 
results) is much larger. Apart from that, because firms believe in market-pull rather than technology-push, 
R&D-projects are nowadays initiated based on market-needs identified. Pre-competitive knowledge 
generated in consortia therefore often serves as a fundamental understanding for existing ideas in the 
firm rather than as a source of new project suggestions (§ 6.3/ 6.4). This type of use makes it difficult to 
retrace the knowledge in the firm, although it is present. Based on these two aspects (i.e. mortality curve, 
market-pull approach), it appears to be unrealistic to expect that the knowledge bases at scientific 
institutes will straightforwardly lead to innovations in firms. An insight that should be borne in mind in the 
discussion about the innovation paradox and the evaluation of consortia and scientific institutes...
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Appendix A/ B
INTERVIEW GUIDE FOR THE R&D-MANAGERS
(-) Can you briefly introduce (e.g. scientific background/ career) yourself?
(A) PERSONAL CONTEXT
1. What are the (key) responsibilities of this R&D-department?
■ Research vs. development (or fundamental vs. applied) activities (ratio?)
■ Working with short-term or long-term horizon (ratio?)
■ Aiming at radical or incremental innovations (ratio?)
2. Can you briefly outline how this R&D-department is related to the firm's other R&D-sites, in terms 
geographical location and FTE's?
■ What is the (main) motivation for such set-up?
■ Is there any change foreseen in the near future?
■ Where is Headquarters (HQ) located?
3. Can you give a short indication of the following characteristics for this R&D-department?
■ Organization chart/ Division of tasks
■ Number of Full Time Employments (FTEs)
■ Type of people (MSc's or PhD's?/ scientific background?/ researchers: managers?/.../ etc.)
■ Budget year per year (absolute and related to sales)
4. What are the sources of funding for this department?
■ Can you estimate the ratio between them?
■ Is the internal funding based on 'project contracts', a 'fixed tax', or a combination of both (ratio)?
5. Can you classify the current projects within this R&D-department over the following 4 R&D- 
objectives?1 Can you estimate the number of projects per R&D-objective?
■ Technical Competence Leveraging
■ Incremental Innovation
■ Technical Competence Building
■ Discontinuous Innovation
6. Which percentage of the R&D budget (all grouped projects = 100%) is spent on each of the four 
R&D-objectives?
7. Is there a difference between the R&D-objectives regarding the source of funding?
■ If not: can you make an estimate of a general ratio per R&D-objectives?
8. Is the division of the budget over the four R&D-objectives like it ideally should be? Why (not)?
■ How has this budget-spending-ratio been established?
9. What influence do you personally have on the issues discussed in the preceding questions?1
■ Source(s) of funding - R&D budget -  Project spending ratio - Project design
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(B) KNOWLEDGE TRANSFER CHANNELS
General Questions
10. Do you think there are, within your sector, interesting scientific developments taking place at scientific 
institutes that are not picked up by your firm?
■ If so, how do know there are such developments?
■ What are you planning/ going to do with regard to those developments?
11. Are there project-types (see R&D-objectives) on which you would (not) like to collaborate with 
scientific institutes?2 Why (not)?
■ What is more important for partner-selection: scientific excellence or geographical proximity?
12. Who normally acts as initiator of a collaboration?
■ Firm itself or partner?
■ If the firm itself: Management or researcher?
13. To what extent are individual researchers supposed to scan/ search externally for scientific 
knowledge?
■ If so, in what manner are they encouraged and facilitated to perform such activities?
14. Do earlier gained experiences with partners influence the selection of new collaboration partners?
■ Are there any such long-term relationships with scientific institutes?
15. Which collaboration-arrangements, provided by the Dutch government, do you make use of?
■ To what extent are you satisfied by these arrangements and what do you miss?
16. Can you place each of the eight cards (representing the knowledge transfer channels3) on (at least) 
one of the R&D-objectives and argue why you made this choice?
■ Do you miss any formal knowledge transfer channels?
17. Which types of knowledge transfer channels does the firm apply (or has the firm already applied) 
during its (earlier) collaboration with scientific institutes?
18. Are there any guidelines for the 'contract'-negotiations with scientific institutes?2
■ IPR (publications/ patents)
■ Planning (goals/ length/ milestones/ formalization)
■ Revenues (division of reward/ way of payment)
19. How is the internal organization of the collaboration with scientific institutes handled?2,3
■ Decision-making on resources
■ Monitoring of the progress/ quality (mid-term/ end evaluation)
■ Communication (spreading/ implementation) of the acquired knowledge
Project Specific Questions
20. Can you make an estimation how many running projects there are per R&D-objectives in which 
there is collaboration with one (or more) scientific institute(s)?
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21. Can you denote per R&D-objective one project (so in totalfour) which have been completed during 
the last two years in which there was collaboration with one (or more) scientific institute(s)?
■ If there is more than 1 "collaboration-project" per quadrant, is it possible to indicate which project you rate, 
on which basis, to be the most representative for this R&D department?
■ If there is a vacant R&D-objective: can you fill it with an almost completed project?
22. Can you give, for each of the four identified projects, an indication of the level of:
■ Level of risk
■ Objective-focus
■ Content-familiarity
■ The role & influence of the external partner during the project
■ The importance of the external knowledge with respect to the project's successfulness
23. Is it possible to give, per project, the details of the project leader, so I can contact him or her for a 
interview?
(C) PERFORMANCE OF R&D-PROJECT
24. In what way do you get information on/ results of a 'collaboration-project' with a scientific institute?
■ Is there normally also attention paid to experiences regarding the process of collaboration?
25. On basis of which obtained information could you decide to start a (re)new(ed) collaboration(-project) 
with a scientific institute?
■ Which information could influence the type of knowledge transfer channel?
(-) CONCLUSION
(-) Are there any documents (PowerPoint presentations/ annual reports/ branch analyses etc.) which 
might be of interest that you could give me?
(-) Are there any relevant points of interest/ remarks/ comments that we did not discuss, but that you 
think might be of interest for my research?
(-) FOOTNOTES
1 Terms are an indication for issues/ objectives which could be discussed at the question
2 If necessary: make a distinction for scientific institutes between:
■ Universities
o research schools; academic institutes; technology transfer offices
■ Public research institutes
o large technological/ independent institute; academic spin-off; contract research organization
3 The eight knowledge transfer channels are:
■ Research Consortium; Research Funding; Buy a License/ Patent; Contract R&D; Consultancy & 
Advice; Research Joint Venture; Minority Equity in an Academic Spin-off; Temporary Employment 
of an Academic.
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(-) Can you briefly introduce (e.g. scientific background/ career/ function) yourself?
(A) PERSONAL CONTEXT
1. Are you a full-time project manager, or do you also spend time in the laboratory?
2. Is it possible to indicate which percentage of time you spend on projects in each of the four 
quadrants of the matrix?
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Objective
Time Span
Technical Competence Product/ Process
Short (<3.0 year) Technical Competence Leveraging Incremental Innovation
Long (>3.0 year) Technical Competence Building Discontinuous Innovation
3. Are you allowed to write & publish articles, visit conferences, give presentations, etc.?
■ Is there a general procedure for such situations (check by management)?
4. Are you allowed to scan/ search externally for (scientific) knowledge?
■ How do you carry out such scan or search activities?
5. Who normally acts as initiator of a collaboration?
■ Firm itself or partner?
■ If the firm itself: managers or researchers?
6. Are you allowed to start a collaboration with a public research institute and/or university?1
■ How does, in general, the procedure work?
■ How long does it take to actually start a collaboration?
■ Is the procedure like it ideally should be? Why (not)?
7. Are you always informed about the formally defined knowledge sharing for a specific collaboration?
■ Are you somehow involved in the negotiations on intellectual property rights?
■ Is it exactly clear which knowledge can be shared during a collaboration? How?
8. Have you earlier been involved in projects in which there was collaboration with a scientific institute?
■ How successful have these earlier collaboration with scientific institutes been?
■ What kind of criteria do you apply for determining whether a collaboration is successful?
9. What is more important for partner-selection: scientific excellence or geographical proximity? Why?
10. What are the 'pros' and 'cons' of industry- science collaboration?
■ Is the answer based on own experience or on general assumption?
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(B) KNOWLEDGE TRANSFER CHANNELS
11. Did the collaboration- project include internal activities, or (only) related internal projects?
12. What was the overall ratio between the internal and external activities:__(%):_(%) [sum = 100%]
13. Can you outline the organizational aspects of the internal activities (/related project)?2
■ Team composition (e.g. division of tasks, people, FTE, departments involved)
■ Decision-making authority (e.g. budget, go/ kill decisions)
■ Planning (e.g. length, urgency, pressure of time, milestones, time horizon)
■ Was there any use of professional project management methods (e.g. stage gate or ISO-code)
14. Can you characterize the internal activities (/related project)?2
■ Objective-focus
■ Competitive potential
■ Time-to-market
■ Fit with other projects within firm
■ (Probability of) Success
■ (Potential) Reward
15. By e-mail, you rated the collaboration-project to be <compartment>, but was it as such all the time?
■ Did the project change matrix quadrants in time?
16. Who had the initiative -  or was the initiator -  for this collaboration-project?
■ If firm: was the project initiated by a manager or a researcher?
■ If partner: how did they contact your firm?
17. What was the main reason for this collaboration-project?2
■ Getting access to scientific frontiers; Temporary lack of internal resources; Quest for fundamental 
understanding of phenomena; Cost consideration ('make or buy' question); Personnel Flexibility; Other
18. Why was this partner selected?
■ Is it the first collaboration with this partner?
19. Was the firm itself knowledgeable on the subject of the collaboration-project?
■ Was it 'totally new' to the firm or already 'well-known' to the firm?
20. To what extent were objectives and outcomes of the collaboration-project specified ex ante?
■ Did it pursue a specified purpose or was it 'blue sky' research?
21. Can you outline the organization of the internal and external activities in time?
■ Were activities performed simultaneously, consecutively or both?
■ Was the collaboration started from a strategic or a ad-hoc motivation?
22. Can you outline the organization the internal and external activities activity regarding the content?
■ Was the external knowledge content complementary or not?
■ Did you buy or co-develop the knowledge?
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23. Was the knowledge, developed by the partner, patentable?
■ Did your firm ask for generic or specific knowledge?
24. Who will be the owner of the results?
■ If the firm: does the partner has the option to publish the results (delayed)?
■ If partner: does the firm have an option to file a patent?
25. Can you outline the collaboration-project between your firm and the external partner in terms of 
relational characteristics?
■ Was it close co-operation or a more distant arrangements?
■ Would you describe the relation as trust building?
26. How well-defined was the process of collaboration ex ante? Were any of these elements changed?
■ Communication (frequency, interface)
■ Planning (e.g. milestones, meetings, evaluations)
■ Resource involvement
27. Was knowledge sharing formally defined?
■ Did you know what internal knowledge you could share?
■ How did you know that? (e.g. standard procedure or briefing)
28. What was the influence of the partner concerning the organization of the collaboration project?
■ Was there any flexibility regarding the research objective
■ Was there any flexibility regarding the planning?
29. In what manner was the financial aspect of the collaboration-project arranged?
■ Were you involved in the negotiations?
■ Was it a money- knowledge, or a knowledge- knowledge transaction?
■ Did the firm pay everything in advance, or in phases?
30. How often was there contact with the partner?
■ Only as a result of milestones and/ or problem? (Ir)regularly?
■ Was the project closely monitored within the firm?
31. How did you communicate with the partner?
■ Face-to-face or virtually, e.g. by e-mail? (/ratio)
■ (Was it clear) Who was responsible for that within both parties?
32. In what manner was the reporting with the external partner organized?
■ Regular/ periodical reporting, or as a result of milestones?
33. How does the knowledge obtained spread through the firm?
■ Who is responsible for that within the firm?
■ Could you describe this spreading process?
34. How would you describe the type of knowledge transfer channel?3
■ If none: how would the interviewee describe it in that case?
■ If (>) 2: how were they related?
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(C) PERFORMANCE OF THE COLLABORATION &  THE R&D-PROJECT
35. Are you satisfied by the results (=technical part) of the collaboration? Why (not)?
■ Did the results match your expectations?
36. Are you satisfied by the process of collaboration? Why (not)?
■ Communication
■ Planning (e.g. meeting milestones, reporting, flexibility)
37. Did the collaboration stay within the original budget, time and objective? Why (not)?
38. How much involvement of, and contact with, higher management (e.g. your boss) was there about 
the collaboration-project?
■ From whom, and planned or ad hoc?
■ Were there any go/ kill decisions made?
39. Were there any problems during the collaboration-project?
■ What kind of problems, and how/ by whom where they solved?
40. Did the collaboration-project satisfy the business expectations? Why (not)?
■ Are there any so far unmentioned criteria?
41. Were the internal activities (/related project) rated as successful?
■ What kinds of criteria/ scoring mechanisms are applied?
■ Did the project have a formal end-evaluation?
42. Could the project have been finished as successfully as it did, without the results from the 
collaboration?
■ Was the obtained knowledge essential (e.g. amount/ content) or (almost) redundant?
■ Did it satisfy the expectations preceding the collaboration? Perceived credibility of knowledge?
43. Is it clear where, and for which purpose the externally obtained knowledge will be used in the firm?
■ Only within the internal part of the collaboration-project or also in other activities (reuse)?
44. Does the firm have the necessary skills to implement the externally obtained knowledge?
■ Does the firm has enough capacity to absorb and reuse (= other projects) the knowledge?
45. Do you think your firm will have (great) benefits from the project?
■ Did it lead to breakthrough technologies/ products/ new research direction, or closure thereof?
46. Did this project lead to a 'new' internal project?
47. Did this collaboration-project to further collaboration with the same partner?
■ Did you have an end-term evaluation with the partner?
■ Is there still contact on the content?
■ Would you reconsider the same partner for a new collaboration?
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48. If you would start collaboration for a project in the same matrix quadrant, would you consider the 
same partner, organization of the collaboration (/type of knowledge transfer channel)? And if you 
would start a collaboration in for a project in a different matrix quadrant?
(-) CONCLUSION
(-) Are there any documents (PowerPoint presentations/ annual reports/ branch analyses etc.) which 
might be of interest that you could give me?
(-) Are there any relevant points of interest/ remarks/ comments that we did not discuss, but that you 
think might be of interest for my research?
(-) FOOTNOTES
1 If necessary: make a distinction for scientific institutes between:
■ Universities
o research schools; academic institutes; technology transfer offices
■ Public research institutes
o large technological/ independent institute; academic spin-off; contract research organization
2 Terms are an indication for issues/ objectives which could be discussed at the question
3 The eight knowledge transfer channels are:
■ Research Consortium; Research Funding; Buy a License/ Patent; Contract R&D; Consultancy & 
Advice; Research Joint Venture; Minority Equity in an Academic Spin-off; Temporary Employment 
of an Academic.
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PARTICIPATING FIRMS
Firms R&D for the section of... Location
Decorative Paints/ Car Refinishes Sassenheim
Roll Materials Europe
Benelux
Performance Materials
Leiden
Terneuzen
Geleen
Printers, Copiers and Scanners Venlo
Lighting
Europe
Innovative Plastics
Global Solutions
Aramid
Philips
Geleen
Bergen op Zoom
Amsterdam
Arnhem
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DIVISION OF PROJECTS PER FIRM (anonymous)
Type
Firm
Technical Competence 
Leveraging
Incremental
Innovation
Technical Competence 
Building
Discontinuous
Innovation
Single
Scan
Multiple
Scan
Specialized
Measurer.
Rescue
Research
Watchful
Waiting
Shadow
Research
Multiple
Pieces
Single
Piece
l l 2 l
2 l l l l
B l l 2
4 2 l l
S l l l
a 2 l l l
7 l l 2
S 2 l
9 l l
lO l l l
Total: B B 4 2 7 S a a
SCORING PER ELEMENT (round 1 -  R&D-Managers)
Working
Assumption
Int.-Guide
Questions
Example Quote 1 Example Quote 2
Th e  university on ly  has a know ledge 
supplying role, no suggesting role for 
new  projects
10- 12
"I think I can say we initiate: it is 
the project manager who identifies 
what he needs for his activities."
"Initiatives from the university are 
clearly less successful: they just do 
not know what we are doing."
D iffe rent receiving unit-know ledge- 
relationship configura tions can be 
found in chem ical firm s
15- 1 l
"For each situation, you have to 
make a new analysis about the best 
way to organize your collaboration."
"The objective you are dealing with 
automatically excludes some ways 
of collaboration."
Th e  contribution o f the R&D- 
departm ent to  the  firm  is realized by 
m eeting 4 objectives
5- l
"The projects we run within our 
department can be very well 
clustered using your objectives."
"The objectives can be applied, 
however, I think we spend too less 
time on discontinuous innovation."
Collaboration having a possible im pact 
on a chem ical firm 's com petitive 
advantage are form al
14, 1B, 19
"We just cannot collaborate 
informally with a scientific institute: 
IP issues have to be arranged."
"As long as no contract is signed, 
the collaboration will not be started: 
what if something bad happens?"
Th e  techn ica l know ledge involved 
during co llaboration is part o f the 
precondition construct
13, 24, 25
"In by far most of the cases, the 
drive to collaborate originates from 
a problem we cannot solve."
"The knowledge we are looking for 
is always the key motive to 
collaborate with a partner."
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SCORING PER ELEMENT (round 2 -  Project Managers)
Properties of the 
Receiving Unit
Int.-Guide
Questions
Example Quote
(each exam ple  orig ina tes from  a single case)
Coding/ Scoring
(see § 7.1-1)
Structural characteristics o f 
the firm 's R&D-project
11, 13, 15, 29
"It was just me who followed the work of the PhDs."; "The 
yearly DPI-fee was paid by the research management."; "The 
time-to-market? Pff..., long..., I think maybe too long."
W eak
"I was project manager of the team which consisted of 2 other 
employees; they, however, worked only part-time on it." "I 
think it will at least take another 5 years to have a product."
Normal
"You could call this a project with a need for speed."; "Over 8 
people were internally working on it, but they could not solve 
the problem."; "I think it is clear the BU paid for everything."
Strong
Content characteristics o f 
the firm 's R&D-project
14, 16- 18
"We already knew that the group of this professor had the 
skills we needed."; "Yes, the closer contact was foreseen from 
our side, however, to occur they had to agree as well."
Research
"We contacted them quickly after we found out that they 
possessed the right equipment."; "From the outset, we were 
well aware we had to find a partner for those measurements."
Business Unit
"This collaboration was an clear example of an ad hoc 
decision: we ran into an unforeseen problem."; "I work myself 
in that group, so I know they are trustworthy and capable".
Production
Properties of the 
Knowledge
Int.-Guide
Questions
Example Quote
(each exam ple o rig ina tes from  a single case)
Coding/ Scoring
(see § 7.1-1)
Know ledge Base 19, 22, 27
"If you ask me whether we already possessed any knowledge 
on this subject, I'm afraid I have to say: not really."; "We were 
not afraid to leak knowledge since we did not have that much."
Low
"In our team, we already developed some secret knowledge on 
the particular topic, however, mainly about applications. The 
PhD should help to gain some fundamental insights."
Medium
"We have all the expertise ourselves to do the job the public 
research institute did, however, we do not have enough 
people."; "No, we absolutely do not share our knowledge!'
High
Know ledge Flow 20, 23, 24
"Where to use the external knowledge? That's a good 
question, especially since our interest faded away."; "In the 
end, we did not even try to obtain any of knowledge."
Bohr
"After we arranged closer contact, the knowledge developed 
became somewhat more specific for us; however, still you 
work with PhDs -  who need a thesis -  in a consortium."
Pasteur
"We were just looking for some hard data on which of the 
three models was best. No, were not looking for a lengthy, 
detailed description: we rather preferred a yes or no."
Edison
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SCORING PER ELEMENT (round 2) con tin ued
Properties of the 
Relationship
Int.-Guide
Questions
Example Quote
(each exam ple  o rig ina tes from  a single case)
Coding/ Scoring
(see § 7.1-1)
Institutional A rrangem ent 34, 48
"Based on the definitions on the backside of the cards, I would 
call our collaboration to be contract R&D."
Contract R&D
"It was definitely -  considering the large number of partners 
involved -  a research consortium."
Research
Consortium
Coord ination Procedures 
~ Com m unication
NB: focus on frequency
30- 33
"Within the consortium, project reviews are arranged four 
times a year. Besides those meetings, we hardly have contact, 
unless we meet coincidentally at conferences or the like."
Average
"Next to the meetings which are arranged by the consortium 
management, I drop by every now and then to drink some 
coffee."; "We sometimes also had good discussions by e-mail."
Above  average
"Since the academic (i.e. a so-called TWAIO) was working 
within our department for a year, there automatically was 
much more interaction than prescribed in the contract".
Extensive
Coord ination Procedures 
~ Control
NB: focus on planning
12, 21, 26, 28
"The only reports we received during the collaboration were 
those that were sent to us before a project review. For four 
years that means 4 x 4 = 16 reports"; "I did not have to ask 
for these reports; the DPI-management took care."
Low
"The planning contained deliverables every six weeks. If we, 
however, agreed that an test should occur at t= x and it was 
done at x+1, no problem. If it, however, became x+6 some 
phone calls would be made."
Med ium
"After the realization of each step that was described in the 
agreed project proposal, they would send a brief update. 
Besides that, we received an update every 2 weeks"; "We 
asked them to deliver a half time and an end report."
High
Properties of the 
Outcomes
Int.-Guide
Questions
Coding/ Scoring
(each exam ple  orig ina tes from  a single case) Perform. Value.
Collaboration 
~ Techn ica l
35, 40, 42
"I am clearly disappointed with the results we obtained from 
the university"; "We really tried everything to make it a success 
and were committed all the time, but they simply failed."
- +
Collaboration 
~ Non-Technica l
36, 37, 38
"All the reports were sent to us in time; if they, however, would 
have been somewhat less punctual, I do not think we would 
immediately be annoyed: a fundamental insight is in no hurry."
+ -
Im pact 
~ Techn ica l
41, 43, 44, 46
"Their concept turned out to be not applicable to our products, 
but, to be honest, there was only a small chance it would. We 
found ourselves, however, a great partner for another project."
- -
Im pact
~ Non-Technica l
25, 39, 45, 47
"Even though we might loose our interest in some PhD-projects 
every now and then, the other motives -  being visible and the 
recruitment of young high potentials -  continue at all times."
+ +
222
Summary
These days, the need to interact with external sources of knowledge is, in combination with internal R&D- 
efforts, of great importance for industrial firms to raise an innovative performance. Since the rate and 
complexity of technological change is increasingly high, even the most innovative firm cannot fully rely on 
internal sourcing for expertise in every potentially relevant technological area anymore. Universities and 
public research institutes -  together described as scientific institutes -  are often considered to be very 
suitable for acting as external sources of new technical competences and scientific knowledge. European 
governments that recognized the value of industry-science collaboration devoted much attention to 
fostering it by means of their science and technology policies. Despite all efforts, however, a number of 
European studies showed that scientific institutes only play a marginal role in the process of innovation. 
The strong public knowledge bases are not transformed into innovations by firms. This trend, the so- 
called 'innovation paradox', was confirmed by both scholars and practioners and observed to be present in 
the European chemical industry. This observation was remarkable as this industry was seen to be suitable 
for industry-science collaboration owing to its science-based nature, which implies that it can, to a large 
extent, benefit from scientific advances for its innovation. Where chemical industries in other European 
nations, however, still managed to reach an adequate innovative performance, the Innovation Scoreboard 
2005 showed only a 'poor to average' performance for the Dutch chemical industry. This study used that 
setting as its point of departure (chapter 1: 'Industry-science collaboration for industrial innovation").
Chapter 2, entitled 'the European chemical industry & the Dutch polymer sector', provides a detailed 
overview of the research domain of the study, i.e. the chemical firms and the knowledge infrastructure in 
the Netherlands. However, to be able to grasp the larger picture, at first the roots, today's situation and 
the future perspective of the European chemical industry have been explored. It appeared that, with 
newly emerging competitors from Asia (facing less stringent environmental regulations) and the Middle 
East (possessing an abundant stock of natural resources) innovation is singled out as the foremost driver 
for a positive future development of the European chemical industry. Flourishing collaboration between 
firms and scientific institutes is believed to be a crucial catalyst for the process to remain competitive. In 
this realm, the Dutch government took several initiatives, of which the launch of 4 Leading Technological 
Institutes in 1997 was probably the most eye-catching. These institutes should strengthen the research 
infrastructure in the area of fundamental research, specifically in areas relevant for strong, R&D-intensive 
sectors in the Netherlands. The polymer sector was selected as one of the first four areas, leading to the 
foundation of the Dutch Polymer Institute (DPI). Next to the DPI and its Value Centre, an extensive 
knowledge infrastructure (consisting of 13 universities, TNO, and many other governmental initiatives for 
industry-science collaboration), the designation of the chemical industry as key area, and the presence of 
the Regiegroep Chemie should make industry-science collaboration to a sure thing nowadays. However, 
the existence of a Dutch innovation paradox was brought up again in a number of recent reports (2009).
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Industry-science collaboration and the role it can play in the industrial innovation process were for 
that reason studied in more detail in order to obtain an insight into relevant dynamics. In chapter 3 -  as 
its title 'Innovation, Research & Development, and Science' suggests -  existing literature on innovation 
models and on the properties of the collaborating partners was studied. From this exploration, it became 
clear that the traditional linear view of innovation that states that scientific institutes only play a central 
role in the suggestion of new R&D-projects in firms via their basic findings has become increasingly 
superseded. The complex reality of today's innovation processes implies that the input of scientific and 
technological knowledge can be necessary in each phase of a product or process development. However, 
before a firm approaches an external partner, it will at first try to obtain the required knowledge via its 
existing knowledge base and own research capabilities. In the chemical industry, a central role in these 
processes is played by the R&D-department. This used to be a large, corporate R&D-laboratory. From the 
1980s onwards, however, the industry rapidly became mature, globalization took place, and the number 
of innovations leveled off. These changes forced firms to achieve operational excellence via restructuring 
and cost control. A wave of downsizing and decentralization of R&D followed in chemical firms which 
caused the central facility to disappear in favor of BU-laboratories. A result was that long-term research 
was hard hit, despite many R&D-management tools. Because universities gained a more entrepreneurial 
mindset, a good setting for collaboration and transfer of knowledge on fundamental findings appeared to 
be present. Before collaboration can take place, however, many factors disturbing it have to be overcome.
In chapter 4, which was entitled 'Industry-science collaboration for knowledge transfer', problems that 
were already identified to influence the process in a negative way are discussed to determine the focus 
for the empirical research. First, however, theoretical models were explored to frame collaboration and 
knowledge transfer. For the development of the conceptual framework (figure 4.5; p. 99), a model to 
study collaboration was combined with elements of the linear knowledge transfer model and theorizing 
efforts, rooted in a contingency approach, stating that knowledge transfer is most effective in the case of 
a fit between receiving unit, knowledge involved, and relationship. Based on the effects of the radical 
changes in R&D, the chemical firm's point of view was chosen. Two research questions were formulated:
1. What are the characteristics o f industry-science collaboration in the Dutch chem ical industry?
2. What is the relation between the transfer channel applied and the performance o f the collaboration, 
taking into account the R&D-project in which it  occurs and the nature o f the knowledge involved?
All research elements were conceptualized based on insights gained into the chemical industry. For the 
receiving unit, this implied a focus on the structural and content characteristics of the firm's R&D-project 
in which collaboration was embedded; the knowledge involved was subdivided in a base and flow part. A 
focus on the organization of formal collaboration was selected for the relationship, because of the 
importance of intellectual property rights and secrecy; a qualitative performance indication was obtained 
for the collaboration and its impact on the R&D-project on both technical and non-technical criteria.
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The design for the empirical research of this study is discussed in chapter 5. Its title, 'qualitative case 
study research by semi-structured, in-depth interviews', already reveals the basics of the set-up. Based on 
the aim to gain a detailed insight into the 'receiving unit-knowledge-relationship' configurations existing in 
the Dutch chemical industry as well as the mechanisms underlying them, a qualitative case study research 
strategy was selected. Two separate interview rounds were carried out. In the first round, an examination 
of the conceptual framework was accomplished by means of interviews with R&D-managers from 11 
multinational chemical firms (all DPI-members). Five working hypotheses (table 5.1; p. 103) underlying 
the conceptual framework were qualitatively checked for their plausibility. In addition, each interviewee 
was asked to provide the names of 4 project managers with whom concrete collaboration with a scientific 
institute could be discussed (for the exact case requirements, see p. 111). Based on the conceptualization 
of the receiving unit and the input of the interviewees, a matrix was created in which four identified 
conceptual categories of objectives for R&D-projects -  (i) technical competence building, (ii) technical 
competence leveraging, (iii) incremental innovation, and (iv) discontinuous innovation -  were united. This 
matrix (figure 5.2; p. 110) was applied for the strategic sampling. In the second interview round, 36 cases 
in 10 chemical firms were discussed in detail, using a key informant approach. For the data analysis and 
case reporting, tools as described in literature -  including case study tactics to obtain rigorous studies and 
develop appropriate descriptions (table 5.4; p. 107) -  were used to facilitate the hunt for patterns.
In chapter 6, the results -  'Unique configurations for industry-science collaboration' -  are presented. 
First, the findings of the interviews with the R&D-managers are discussed to answer research question 1. 
It appeared that all five assumptions underlying the conceptual framework were plausible. Chemical firms 
have become highly goal-oriented regarding collaboration with scientific institutes. They rationalized their 
approach: only if they have identified a need for knowledge, they will look for an external partner that can 
supply the requested input. Once it is obtained and no more extra knowledge is needed, collaboration will 
be stopped. With the disappearance of corporate R&D, however, firms more often need to collaborate. 
Moreover, scientific institutes are no longer only considered for activities at technical competence building, 
but are also approached for more concrete issues. Next, the results of the second interview round are 
shown. It became clear from the data that different 'receiving unit-knowledge-relationship' configurations 
do exist. For each of the four conceptual categories, two configurations were discerned. For the 'technical 
competence building' category, for example, a 'watchful waiting' and 'shadow research' configuration was 
encountered. Differences between both configurations were encountered for the structural and content 
characteristics of the R&D-project in which the collaboration took place, and for the knowledge base and 
flow involved. The way in which the relationship was organized (consortium vs. consortium-de-luxe/ 
research funding) also varied. From the performance indication is appeared that while in 'watchful waiting' 
cases, it is only realistic to expect 'social' outcomes, for 'shadow research', a focus on the technical results 
is also appropriate. An overview with all eight configurations can be found in table 6.2 (p. 160)
225
Industry-Science Collaboration in the Dutch Chemical Industry
The variation encountered during the within-category analysis served as input for the cross-category 
comparison. In chapter 7 that was entitled 'The organization of industry-science collaboration throughout 
a chemical firm's innovation process', the findings of this cross-category comparison are presented and 
discussed in relation to existing literature. In order to reveal the similarities between the configurations 
concerning the properties of the receiving unit, of the knowledge involved (both part of the preconditions 
construct), and of the relationship (process construct), all characteristics found were listed, compared and 
grouped. In addition, all data on the performance indication (outcome construct) was contrasted. From 
the comparison, four distinctive patterns emerged which were described as: 'technological gatekeeping', 
'platform creation', 'business research', and 'technical support' (figure 7.1; p. 168). Each of the patterns 
showed unique characteristics regarding receiving unit's properties like the size of the internal team and 
the origin of its members, its funding source, the criteria used for the partner selection process, and the 
expected time-to-market. Along the lines of the four patterns, the performance indication showed great 
similarities as well. However, the way in which collaboration was organized appeared to be not completely 
determined by these four patterns: the knowledge involved -  i.e. the firm's existing knowledge base and 
the knowledge flow to be acquired -  influenced the 'transfer channel' used as well. This finding confirmed 
that a contingency approach, as suggested by other scholars, can be used in the case of industry-science 
collaboration. The originally identified conceptual categories (competence vs. product/ process-related), 
however, had to be changed. An overview of the final result, the answer to the second research question, 
can be found in figure 7.2 (p. 179). The limitations and applicability considerations are discussed in § 7.2.
In chapter 8 -  'Present solutions are future challenges for industry and science' -  the conclusions of 
the study are described by means of three propositions for industry-science collaboration, four managerial 
implications for R&D-staff in chemical firms, and four suggestions for Dutch governmental parties involved 
in the organization and management of collaborative processes. Where existing literature was satisfactory 
to describe the results for the preconditions and the outcome construct, for the classification of the 
relationship (part of the process construct) a number of refinements and new terms were suggested like a 
'consortium-de-luxe' and 'services-plus'. A more detailed exploration of the role of the knowledge involved 
in collaboration and a quantitative measurement of the performance are suggested based on the present 
study as interesting directions for future research. The recommendations for chemical firms concentrate 
on the need for (i) realism regarding the expected outcomes of collaboration and (ii) the employment of a 
researcher in the management of it to smoothen the process, (iii) the fact that firms should not exclude 
scientific institutes in advance for projects that are close to market introduction, and (iv) commitment to 
the subject throughout a complete collaborative project. The suggestions for Dutch governmental parties 
point out directions for the steps they can take. While they have successfully founded large consortia that 
enabled firms and scientific institutes to meet, now they should also try to stimulate and facilitate bilateral 
collaboration. However, one should bear in mind all the time that industry-science collaboration can only 
contribute to a better innovative performance in the Netherlands; it is not the solution.
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In hoofdstuk 1, 'Industrie-wetenschap samenwerking voor industriële innovatie', wordt het raamwerk van 
deze studie kort beschreven. De noodzaak voor bedrijven om toegang te hebben tot externe bronnen van 
kennis is tegenwoordig, naast het zelf uitvoeren van onderzoek- en ontwikkelingsactiviteiten (O&O), van 
groot belang om innovatief succes te behalen. Met een almaar toenemende snelheid en complexiteit van 
technologische ontwikkelingen, zijn zelfs de meest innovatieve bedrijven niet meer in staat om binnen hun 
bedrijfsmuren kennis te genereren in elk relevant technologisch gebied. Universiteiten en publieke 
kennisinstellingen (zgn. wetenschappelijke instituten) worden gezien als zeer geschikte leveranciers voor 
deze kennis. Europese overheden die de waarde van dergelijke samenwerking inzagen, hebben zodoende 
getracht om deze te bevorderen middels hun wetenschap- en technologiebeleid. Verschillende Europese 
studies tonen echter aan dat, ondanks alle inspanningen, wetenschappelijke instituten tegenwoordig nog 
steeds slechts een bijrol vervullen in het industriële innovatieproces. Hun uitgebreide kennis wordt door 
bedrijven niet omgezet in innovaties! Deze trend, de zgn. 'innovatie paradox', is waargenomen in de 
Europese chemische industrie. Dit is opmerkelijk, aangezien juist in deze omgeving innovaties zouden 
moeten kunnen profiteren van wetenschappelijke kennis. Waar het andere EU landen echter lukte om een 
toereikend innovatief succes te halen, toonde het Innovatie Scorebord 2005 slechts een 'zwak tot matig' 
succes voor de Nederlandse chemische industrie. Dit boek ('De organisatie van industrie-wetenschap 
samenwerking in de Nederlandse chemische industrie; een exploratieve studie naar de organisatorische 
vormen die gebruikt worden voor kennisoverdracht in industriële O&O-projecten) start op dat punt.
In hoofdstuk 2, getiteld 'De Europese chemische industrie en de Nederlandse polymeer sector', wordt 
een overzicht gegeven van het onderzoeksdomein: chemische bedrijven gespecialiseerd in polymeren en 
de Nederlandse kennisinfrastructuur. Om echter een goed overzicht te krijgen van het grotere geheel 
worden eerst de herkomst, huidige situatie, en toekomstige perspectieven van de Europese chemische 
industrie besproken. Hieruit blijkt dat met opkomende concurrenten uit Azië (geconfronteerd met minder 
strikte milieuwetgeving) en het Midden-Oosten met haar vele bronnen van natuurlijke grondstoffen, 
innovatie hét antwoord is om een positieve toekomst veilig te stellen. Een cruciale katalysator voor dit 
proces is succesvolle samenwerking tussen bedrijven en kennisinstituten. De Nederlandse overheid heeft 
daarom menig initiatief ontplooid waarvan de oprichting van 4 Leidende Technologische Instituten (LTI) 
in 1997 de opvallendste was. Deze LTIs hebben als doel het versterken van de kennisinfrastructuur voor 
fundamenteel onderzoek in sterke, O&O-intensieve sectoren in Nederland. De polymeersector was 1 van 
die 4 gebieden wat resulteerde in de oprichting van het Dutch Polymer Institute (DPI). Naast dit instituut 
en haar Value Centre, een uitgebreide kennisinfrastructuur met o.a. 13 universiteiten, en de oprichting 
van de Regiegroep Chemie (n.a.v. de benoeming van de chemische industrie tot 'sleutelgebied' door de 
Nederlandse overheid) zou samenwerking tussen bedrijven en de wetenschap vanzelfsprekend moeten 
maken. Anno 2009 wordt er echter nog steeds gesproken over een Nederlandse innovatie paradox.
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Het doel van hoofdstuk 3, 'Innovatie, onderzoek & ontwikkeling, en wetenschap', is het krijgen van 
inzicht in de rol die samenwerking tussen bedrijven en wetenschap zou kunnen spelen in het industriële 
innovatie proces. Daartoe worden enerzijds modellen voor innovatie en anderzijds de eigenschappen van 
de samenwerkende partijen besproken. Hieruit blijkt dat de traditionele kijk op het innovatie proces, 
waarin wetenschappelijke instituten alleen een rol wordt toegedicht in het suggereren van nieuwe 
industriële O&O-projecten, steeds minder wordt gesteund. De complexe realiteit van het hedendaagse 
innovatie proces zorgt ervoor dat de inbreng van wetenschappelijke kennis nodig kan zijn in ieder stadium 
van een product- of procesontwikkeling. Echter alvorens een externe partij te benaderen, zal een bedrijf 
eerst proberen om de benodigde kennis te verwerven via haar eigen kennisbasis of onderzoeksafdeling. 
Grote, centraal georganiseerde O&O-laboratoria speelden hierbij altijd een belangrijke rol in de chemische 
industrie. Vanaf de jaren '80 echter volgroeide de industrie snel, vond globalisering in rap tempo plaats, 
and nam het aantal radicale innovaties af. Deze ontwikkelingen dwongen chemische bedrijven om 
operationele perfectie te bereiken door middel van herstructurering en kostenbeheer. Een trend van 
afbouw en decentralisatie volgde: het centrale O&O-lab in chemische bedrijven verdween ten koste van 
O&O-laboratoria op 'business unit'-niveau. Een consequentie was dat, ondanks de invoering van allerlei 
preventieve maatregelen, het lange termijn onderzoek binnen bedrijven veel minder werd. Omdat de 
universiteiten echter een meer ondernemende houding aannamen, leek een perfecte omgeving voor 
samenwerking en overdracht van fundamentele kennis te zijn gecreëerd.
In hoofdstuk 4, getiteld 'De samenwerking tussen de industrie en wetenschap voor kennisoverdracht', 
worden al geïdentificeerde barrières voor kennisoverdracht toegelicht om zodoende de richting te bepalen 
voor het empirische onderzoek. Als eerste echter passeren enkele modellen die ontwikkeld zijn voor het 
inkaderen van samenwerking en kennisoverdracht de revue. Bij de ontwikkeling van het conceptuele 
raamwerk (figuur 4.5; p. 99) is een model voor het bestuderen van samenwerking gecombineerd met de 
elementen van het lineaire kennisoverdracht model en nieuwe theoretische ideeën, gebaseerd op een 
contingentie benadering, hoe de effectiviteit van kennisoverdracht verbeterd kan worden. Naar aanleiding 
van de gevolgen van de ingrijpende veranderingen in de organisatie van onderzoek en ontwikkeling is het 
perspectief van het chemische bedrijf gekozen. Twee onderzoeksvragen zijn daarbij geformuleerd:
1. Wat zijn kenmerken van industrie-wetenschap samenwerking in de Nederlandse chemische industrie?
2. Wat is de relatie tussen het toegepaste kennisdelingskanaal en de uitkomst van de samenwerking als 
men de soort kennis en het O&O-project waarin de overdracht plaatsvindt in  ogenschouw neemt?
De operationalisatie op basis van inzichten in de chemische industrie leidde tot in een onderzoeksrichting 
waarbij gekeken is naar de formele organisatie van de samenwerking, de structurele en inhoudelijke 
karakteristieken van het O&O-project, en de eigenschappen van de aanwezige kennisbasis binnen het 
bedrijf en van de (extern) verkregen kennis. Daarbij is een kwalitatieve indicatie gevraagd op een aantal 
technische en niet-technische criteria van de samenwerking en haar impact op het O&O-project.
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In hoofdstuk 5, 'Kwalitatief gevalstudie onderzoek middels semi-gestructureerde, diepte interviews', 
wordt het onderzoekontwerp gepresenteerd. Om de gewenste gedetailleerde inzichten te verkrijgen in de 
'ontvanger-kennis-kanaal'-configuraties (waarbij het type O&O-project de 'ontvanger' representeert) die 
bestaan in de Nederlandse chemische industrie en in de onderliggende, verklarende mechanismen, is er 
gekozen voor een kwalitatieve gevalstudie. Daarbij is het onderzoek verdeeld in twee ronden. In de eerste 
ronde is het conceptuele raamwerk getoetst met behulp van diepte interviews met O&O-managers van 11 
multinationale chemische bedrijven met (i) een O&O-locatie in Nederland en (ii) een lidmaatschap van het 
DPI in 2006. De toetsing hield in dat de werkhypothesen (tabel 5.1; p. 103) waarop het conceptuele 
raamwerk gebaseerd is werden getest met behulp van de verkregen interview data. De inbreng van de 
geïnterviewden resulteerde in een matrix (figuur 5.2; p. 110) waarin vier geïdentificeerde conceptuele 
categorieën voor het classificeren van het doel van een O&O-project -  (i) technische competentie 
onderhoud, (ii) technische competentie opbouw, (iii) incrementele innovatie, en (iv) discontinue innovatie 
-  werden geclusterd. Deze matrix is vervolgens gebruikt bij het verwerven van O&O-projecten waarin een 
samenwerking met een wetenschappelijk instituut had plaatsgevonden (voor exacte vereisten, zie p. 111). 
In de tweede interview ronde zijn de 36 verworven 'gevallen' (10 bedrijven waren bereid mee te werken) 
in detail besproken met de best ingevoerde bedrijfsmedewerker; meestal de betrokken projectleider. Elk 
interview is opgenomen, volledig uitgeschreven, en ter verificatie teruggestuurd naar de geïnterviewde. 
Bij de rapportage en data analyse zijn diverse voorschriften gebruikt zoals beschreven in de literatuur.
In hoofdstuk 6, zoals haar titel 'Unieke configuraties voor industrie-wetenschap samenwerking' al 
vermeldt, worden de resultaten beschreven. Als eerste komen de bevindingen op basis van de interviews 
met de O&O-managers aan bod ter beantwoording van onderzoeksvraag 1. Het bleek dat alle hypothesen 
waarop het conceptuele raamwerk was gebaseerd aannemelijk waren. De chemische bedrijven zijn met 
betrekking tot hun samenwerking met wetenschappelijke instituten zeer doelgericht geworden. Zij hebben 
hun aanpak gerationaliseerd. Alleen in het geval dat een duidelijke behoefte aan kennis is geïdentificeerd, 
zullen zij een externe partij benaderen om de gewenste informatie aan te leveren. Op het moment dat 
deze kennis dan is verkregen en geen verdere kennis nodig is, zal de samenwerking worden gestopt. Met 
de afbouw van het centrale O&O-lab zien bedrijven zich echter wel vaker genoodzaakt om de stap naar 
samenwerking te zetten. Daarnaast worden wetenschappelijke instituten niet langer gezien als alleen een 
geschikte partner voor projecten gericht op het opbouwen van een technische competentie, maar ook 
voor concrete opdrachten. De resultaten van de interviews met de projectleiders laten zien dat er unieke 
configuraties bestaan: in elke van de vier conceptuele categorieën konden twee verschillende 'ontvanger- 
kennis-kanaal'-configuraties worden onderscheiden. In de 'technische competentie opbouw' categorie 
werden bijvoorbeeld 'hoopvol wachten' en 'schaduw onderzoek' gevallen aangetroffen met verschillen in 
de karakteristieken van de geïnvolveerde kennis en de structurele en inhoudelijke kenmerken van het 
O&O-project waarbinnen de samenwerking plaatsvond. Daarnaast varieerde ook de wijze waarop de 
samenwerking was georganiseerd (consortium vs. consortium-de-luxe) en werd beoordeeld.
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In hoofdstuk 7, getiteld 'De organisatie van industrie-wetenschap samenwerking door het innovatie 
proces van een chemisch bedrijf', is de variatie zoals die werd aangetroffen per categorie vergeleken met 
die van de andere categorieën. De bevindingen van deze exercitie worden besproken en gerelateerd aan 
huidige literatuur. Uit de onderlinge vergelijking kwamen 4 patronen naar voren. Deze zijn beschreven als 
'technologisch poortwachten', 'platform creatie', 'business onderzoek', en 'technische ondersteuning' 
(figuur 7.1; p. 168). Ieder patroon had unieke kenmerken met betrekking tot de structuur (bijvoorbeeld 
de grootte van het interne team en de bron van financiering) en de inhoud -  de set van criteria die waren 
gebruikt bij de selectie van de externe partner en de verwachte tijd tot markt introductie -  van het O&O- 
project. Daarnaast bleek elk patroon een onderscheidende set van criteria te hebben waaraan door de 
projectleiders bij het beoordelen van het succes veel waarde werd gehecht. De wijze echter waarop de 
samenwerking was georganiseerd werd niet alleen bepaald door deze vier patronen: de geïnvolveerde 
kennis -  dat wil zeggen de bestaande kennisbasis binnen het bedrijf en de soort toestromende kennis -  
was ook van invloed op de keuze voor het 'kanaal'. Deze bevinding kan worden gezien als een bevestiging 
van het feit dat een contingentie benadering, zoals al veronderstelt door andere wetenschappers, kan 
worden toegepast in het specifieke geval van industrie-wetenschap samenwerking. De vier oorspronkelijk 
gebruikte conceptuele categorieën (competentie/ innovatie) dienden daarom echter aangepast te worden. 
Een overzicht van het eindresultaat, tevens het antwoord op onderzoeksvraag 2, kan worden gevonden in 
figuur 7.2 (p. 179). De beperkingen en toepasbaarheid van de resultaten worden bediscussieerd in § 7.2.
In hoofdstuk 8, met als titel 'Huidige oplossingen zijn de toekomstige uitdagingen voor de industrie en 
de wetenschap', worden de conclusies van het onderzoek beschreven in de vorm van drie beweringen 
over samenwerking, vier aanbevelingen voor de O&O-staf binnen multinationale chemische bedrijven, en 
vier suggesties voor Nederlandse overheidspartijen die betrokken zijn bij de organisatie van, en het beleid 
over, industrie-wetenschap samenwerking. De bestaande literatuur was toereikend om de kenmerken van 
het O&O-project, de geïnvolveerde kennis en het succes te beschrijven, maar niet om de organisatie van 
de samenwerking te beschrijven. Enkele verfijningen en nieuwe termen zijn daarom voorgesteld zoals het 
'consortium-de-luxe' om het nauwere contact te duiden dat op den duur kan ontstaan tussen bepaalde 
partijen in een groot consortium. De aanbevelingen voor chemische bedrijven richten zich op de noodzaak 
om (i) realistisch verwachtingen te hebben bij bepaalde typen samenwerking en (ii) een onderzoeker te 
betrekken in een samenwerking om dit proces te versoepelen; daarnaast (iii) moeten wetenschappelijke 
instituten niet bij voorbaat worden uitgesloten door bedrijven als mogelijke partner voor projecten die 
dicht zijn bij marktintroductie, en (iv) is het van belang dat bedrijven de duur van een samenwerking 
afstemmen op die van hun interesse. De suggesties voor overheidspartijen richten zich op mogelijk 
toekomstige stappen. Anno 2009 functioneren grote, plenaire consortia goed. De tijd lijkt daarom rijp voor 
een volgende stap waarbij ook bilaterale samenwerking meer gestimuleerd zou moeten worden. Men 
moet zich echter ten alle tijden realiseren dat industrie-wetenschap samenwerking slechts een bijdrage 
kan leveren aan het vergroten van het innovatieve succes in Nederland; het is niet dé oplossing.
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Dankwoord
De omslag van dit proefschrift toont een wedstrijdbespreking, zoals veel amateurs en professionals deze 
wekelijks krijgen voorgeschoteld door hun trainer. Hoewel voetbal en dit proefschrift op het eerste gezicht 
niet zoveel met elkaar te maken lijken te hebben, is dit volgens mij toch zeker wel het geval. Net zoals 
trainers in het voetbal constant op zoek zijn naar het beste systeem voor hun elftal, zo zoeken bedrijven 
en universiteiten naar de meest optimale organisatie van hun samenwerking. Dit alles gebeurt met één 
gemeenschappelijk doel: het behalen van het beste resultaat. De quote 'je gaat het pas zien als je het 
doorhebt' van de voetballer Johan Cruijff op van één van de eerste pagina's van dit proefschrift is daarbij 
geen toeval. Het geeft tevens de slag aan die de auteur van dit boek heeft moeten maken. Pas toen ik de 
kern van bedrijfskundig onderzoek doorhad, ging ik het ook zien. Deze slag vond echter niet meteen op 
dag één plaats, met als gevolg veel twijfels. Toch is -  om nog één keer een wijsheid van Johan Cruijff te 
gebruiken -  de ketting nooit gebroken, omdat er in mijn omgeving gewoonweg geen zwakke schakels te 
vinden waren. Graag wil ik bij dezen alle sterke schakels bedanken voor hun zeer gewaardeerde hulp:
Mijn collega's...
Jan, jij was een voortreffelijke begeleider: je stimuleerde me op de momenten ik veel twijfels had, was 
inspirerend wanneer mijn project hierom vroeg, en hield daarnaast ook de tijdsplanning goed in de gaten! 
Ben, hoe druk bezet ook, je was altijd scherp op de momenten dat dit gevraagd werd. Dank voor de kans 
die je deze voormalige chemicus hebt geboden om kennis te maken met de bedrijfskundewereld!
Geert, een betere gids om door de bedrijfskundige literatuur rond geleid te worden had ik niet kunnen 
hebben! Jouw inbreng en de momenten van gezamenlijke reflectie zijn van onschatbare waarde geweest! 
Ton, met jou kon ik gelukkig wél over voetbal -  toch de belangrijkste bijzaak van de wereld -  praten! 
Armand, dank voor je eindeloze geduld en alle hulp die je mij hebt geboden de afgelopen vier jaar! 
Karen, het was fijn dat ik met jou te allen tijde over de 'mens achter de promovendus' kon praten!
Marc, jouw immer positieve geluid over mijn werk zorgde altijd voor een stukje extra motivatie!
Mark, de voortvarendheid van jouw project fungeerde als een perfect voorbeeld voor mijn project! 
Raphaël, opbouwend commentaar geven is slechts één van de kunsten die jij tot in de puntjes beheerst! 
Ewoud, de geografische afstand werd al maar groter, maar de onderlinge afstand steeds kleiner! 
Hanneke, dank voor alle hulp die je hebt geboden bij het faciliteren van de uitvoering van mijn project!
De sponsoren.
Akzo Nobel, ASML, DPI, het Ministerie van Economische Zaken, het Ministerie van Onderwijs, 
Cultuur en Wetenschap, NWO, Philips, TIFN, TNO Innovation Policy, en Shell wil ik bedanken 
voor hun financiële steun aan het MICORD-onderzoeksprogramma alsmede hun afgevaardigden voor de 
interesse en behulpzaamheid die ik heb mogen ervaren tijdens mijn project.
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De geïnterviewden.
Jullie ben ik zonder twijfel speciale dank verschuldigd! Zonder jullie enthousiasme, tijd, en waardevolle 
bijdragen was mijn project immers niet meer geworden dan een mislukt vrijdagmiddag experiment!
De KNCV'ers...
De Jong KNCV-bestuursleden, naast plezier, gaven jullie mij de scheikundige afleiding die ik zocht!
De KNCV-bestuursleden, ik heb in 2 jaar véél geleerd van jullie enorme ervaring, kennis, en kunde!
Het KNCV-bureauleden, jullie zijn altijd even vriendelijk, behulpzaam en geïnteresseerd als ik jullie tref!
Mijn vrienden.
Jacob, dank voor het zijn van een luisterend oor tijdens én ook na onze gezamenlijke periode aan de RU! 
Remco, jouw positieve en nuchtere kijk op dingen hielp mij vaak mijn eigen denkpatroon te doorbreken!
Mijn (schoonfamilie...
René &  Yolanda, jullie adviezen heb ik altijd zeer gewaardeerd en ik zal dit ook altijd blijven doen! Dank 
voor alle jaren van goede zorg: jullie zien waar het allemaal in geresulteerd heeft!
Bastiaan &  Rosa, ik voel me vaak rijk dat ik mensen zoals jullie -  waarbij je kleine dingetjes des levens 
af en toe gewoon even kunt afkijken -  ken en zo dicht om me heen heb!
Frank &  Mairéad, hoe het me ook mag vergaan in mijn verdere carrière, het is heerlijk om een plek te 
weten waar je gewaardeerd wordt om wie je bent, niet om wat je bent!
Nick &  Nelke, ik kwam ruim 10 jaar geleden binnen met (erg) lang haar, drie oorbellen en een bijbaan 
als afwasser; het maakte jullie niets uit en lieten mij me bij jullie thuis voelen vanaf dat eerste moment. 
Maartje en Bram, tijdens één van de allermooiste dagen in de afgelopen 4 jaar vervulden jullie een zeer 
belangrijke en gewaardeerde rol; ik hoop in de toekomst nog vele mooie dagen met jullie te beleven. 
Oma's Annie en Eefje, jullie zijn voor mij -  en waarschijnlijk voor veel meer mensen -  een voorbeeld 
van hoe men oud zou moeten worden: bij de tijd, volop actief, en bovenal nog midden in het leven!
Mijn vrouw en dochtertje.
Dieuwertje, dank voor je onvoorwaardelijke steun, je eindeloze vertrouwen en al je liefde. Ik snap niet 
dat mensen zeggen dat sprookjes niet bestaan: ik waan me met jou al méér dan 10 jaar in een sprookje. 
Sophie, jij vervult sinds kort met verve de rol van prachtig prinsesje in ons sprookje. Ik hoop dat ik, 
samen met je lieve mama, nog vele jaren van jou mag genieten!
Maarten van Gils,
Januari 2010,
Arnhem.
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between industry and science: Consider the R&D-Activity. European Journal o f Innovation Management 
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van Gils, M.J.G.M., G.A.N. Vissers and J. de Wit (submitted for publication to Technovation): 'Improve 
knowledge transfer with academia: Tune the channel to the R&D-activity'.
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Jobs and Skills -  Scenarios, implications and options in anticipation of future skills and knowledge needs', 
Sector Report fo r Chemicals, Pharmaceuticals, Rubber and Plastic Products, submitted to the European 
Commission, DG Employment, Social Affairs and Equal Opportunities, May 2005.
Presentations
'The organization of industry-science collaboration in the Dutch chemical industry -  An exploratory study 
on the channels applied for knowledge transfer processes in industrial R&D-projects' -  presentation given 
for the task force 'Public Private Partnerships' of the Regiegroep Chemie, Utrecht, 6 November 2009.
'Improve knowledge transfer with academic: Tune the channel to the R&D-activity' -  presentation held at 
the 16th International Product Development Management Conference, Enschede, 8- 9 June 2009.
'Selecting the right knowledge transfer channel for industry-science collaboration: Consider the R&D- 
activity' -  presentation held at the 1 5  International Product Development Management Conference, 
Hamburg (Germany), 30 June -  1 July 2009.
'The organization of industry-science collaboration in the Dutch chemical industry -  Initiation, 
propagation, termination' -  presentation held at the PhD-workshop preceding the l5 h International 
Product Development Conference, Hamburg (Germany), 28-29 June, 2008.
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'The innovation funnel: A blessing or a curse?' -  presentation held at the Open Innovation Day o f Philips 
Research, Eindhoven, 4 October 2006.
'De transformatie van pure bèta naar technische gamma -  Een autobiografisch voorbeeld' -  presentation 
held 4 times on the occasion of the course 'Communication, Education and Managem ent'for chemistry 
and physics students in the 3rd year of their education at the Radboud University, Nijmegen, 2007- 2009.
Courses
Loopbaanmanagement voor promovendi and postdocs (2008)
After obtaining a PhD diploma, a job within the academic world appears to be a logical next step. However, other 
job opportunities might be available as well. The goal o f the course is to discover the possibilities o f the participating 
PhDs on the job market and to gain an insight into personal preferences.
Academic writing (2008)
The course covers guidelines on how to prepare, structure and write scientific articles that describe expioratative, 
review, correlational, field or experimental studies. In addition, advice is given on how to write reviews, letters o f 
motivation, and project proposals. A considerable part o f the course is concerned with English grammar.
Doctoral-workshop Methodology (preceding IPDMC 2008)
During the workshop, PhD-students in early and middle stages o f their research projects present their proposals, 
preliminary results, and reflections on issues related to theory, methods, and analysis. These subjects are afterwards 
discussed in small groups. Plenary sessions are on topics o f like on how to get your research into journals.
Promotie in eigen regie (2007)
The aim o f the course is to learn PhD-students to manage their projects as good as possible by optimizing the 
critical success factors like formai conditions, planning, networking, and time management. Especially, communication 
skills are vital in this process and therefore extensively trained.
Ontwerp en uitvoering van een promotietraject (2006)
The progress o f a research project and the quality o f its results are, next to a thorough subject expertise, also 
affected by the research design and its execution. The course intends to help students avoiding problems that can 
occur in the design and impiementaton o f empirically, scientific research.
Research strategy and management (2006)
The course intends to inform on a ll aspects o f R&D-management in relation to business strategies. It is aimed at 
students that would like to start a research management career after obtaining their MSc or PhD diploma. This career 
can start in industry, but also in government, a consultancy firm, or as owner o f a private company.
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